
(12) United States Patent 
Goldstein 

US009090621B2 

(10) Patent No.: US 9,090,621 B2 
(45) Date of Patent: Jul. 28, 2015 

(54) TYROSINE KINASE INHIBITORS 

(71) Applicant: Principia Biopharma Inc., South San 
Francisco, CA (US) 

(72) Inventor: David Michael Goldstein, Redwood 
City, CA (US) 

(73) Assignee: Principia Biopharma Inc., South San 
Francisco, CA (US) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 14/255,842 

(22) Filed: Apr. 17, 2014 

(65) Prior Publication Data 

US 2014/0309223 A1 Oct. 16, 2014 

Related U.S. Application Data 
(60) Division of application No. 13/929,179, filed on Jun. 

27, 2013, now Pat. No. 8,759,358, which is a 
continuation of application No. 13/859,569, filed on 
Apr. 9, 2013, now Pat. No. 8,957,080. 

(51) Int. Cl. 
AOIN 43/90 (2006.01) 
A 6LX3/59 (2006.01) 
CO7D 487/10 (2006.01) 
CO7D 487/04 (2006.01) 
A 6LX3/5377 (2006.01) 
A6 IK 45/06 (2006.01) 
A6 IK9/00 (2006.01) 
A6 IK 47/26 (2006.01) 
A6 IK 47/38 (2006.01) 
A6 IK9/20 (2006.01) 
A6 IK9/48 (2006.01) 

(52) U.S. Cl. 
CPC ................ C07D487/10 (2013.01); A61K 9/00 

(2013.01); A61 K9/0019 (2013.01); A61 K 
9/2013 (2013.01); A61 K9/2018 (2013.01); 

A61 K9/2054 (2013.01); A61 K9/2059 
(2013.01); A61 K9/4858 (2013.01); A61 K 

31/519 (2013.01); A61 K3I/5377 (2013.01); 
A61K 45/06 (2013.01); A61K 47/26 (2013.01); 
A61K 47/38 (2013.01); C07D 487/04 (2013.01) 

(58) Field of Classification Search 
None 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,721,710 A 1, 1988 Bernhart et al. 
4,861,760 A 8, 1989 MaZuel et al. 
4,911,920 A 3, 1990 Jani et al. 
5,212,162 A 5, 1993 Missel et al. 
5,403,841 A 4, 1995 Lang et al. 
5,514,711 A 5, 1996 Kitano et al. 
5,792.771 A 8/1998 App et al. 

6,410,486 B2 6/2002 Wetterich et al. 
6,660,744 B1 12/2003 Hirst et al. 
7,217,682 B2 5, 2007 Mori 
7,700,648 B2 4/2010 Mori 

2003/O153752 A1 
2003. O187001 A1 
2004/O157847 A1 
2005, 0008640 A1 
2005/0026945 A1 
2005/0065176 A1 
2006.0025383 A1 
2006, OO58297 A1 
2006, OO58324 A1 
2007. O149464 A1 
2007/O14955O A1 
2007/0232668 A1 
2007/0232688 A1 
2008. O146643 A1 
2008. O176865 A1 
2009,0306396 A1 
2010.0113520 A1 
2010, O144705 A1 
2011, 0021518 A1 
2012/0028981 A1 
2014/O142099 A1 

8, 2003 Hirst et al. 
10/2003 Calderwood et al. 
8, 2004 Field et al. 
1/2005 Waegell et al. 
2/2005 Kafka et al. 
3/2005 Field et al. 
2/2006 Wishart et al. 
3/2006 Roifman et al. 
3/2006 Capraro et al. 
6/2007 Billen et al. 
6/2007 Billen et al. 
10/2007 Priebe et al. 
10/2007 Orchansky et al. 
6/2008 Billen et al. 
7/2008 Billen et al. 
12/2009 Toyoshima et al. 
5, 2010 Miller 
6, 2010 Miller 
1/2011 Magnuson et al. 
2, 2012 Miller 
5, 2014 Owens 

FOREIGN PATENT DOCUMENTS 

CN 101880243 A 11, 2010 
EP O461546 A2 12, 1991 
EP O493.767 A2 7, 1992 
EP O908457 A1 4f1999 
FR 25.35721 A1 5, 1984 

(Continued) 
OTHER PUBLICATIONS 

Arnold, Lee D. et al., “Pyrrolo[2,3-dipyrimidines Containing an 
Extended 5-Substituent as Potent and Selective Inhibitors of Ick I.” 
Bioorganic & Medicinal Chemistry Letters, 10:2167-2170 (2000). 
Basheer, A., et al., “Enols of Substituted Cyanomalonamides.”.J. Org. 
Chem. 72:5297-5312 (2007). 
Burchat, A.F., et al., “Pyrrolo[2,3-dipyrimidines Containing an 
Extended 5-Substituent as Potent and Selective Inhibitors of Ick II.” 
Bioorganic & Medicinal Chemistry Letters, 10:2171-2174 (2000). 
Calderwood, David J., et al., “Pyrrolo[2,3-dipyrimidines Containing 
Diverse N-7 Substituents as Potent Inhibitors of Lck.” Bioorganic & 
Medicinal Chemistry Letters, 12:1683-1686 (2002). 
CAS RN26272-41-3, Nov. 16, 1984. 

(Continued) 

Primary Examiner — Jeffrey H Murray 
(74) Attorney, Agent, or Firm — Finnegan, Henderson, 
Farabow, Garrett & Dunner, LLP 

(57) ABSTRACT 

The present disclosure provides compounds and pharmaceu 
tically acceptable salts thereofthat are tyrosine kinase inhibi 
tors, in particular BLK, BMX, EGFR, HER2, HER4, ITK, 
TEC, BTK, and TXK and are therefore useful for the treat 
ment of diseases treatable by inhibition of tyrosine kinases 
Such as cancer and inflammatory diseases such as arthritis, 
and the like. Also provided are pharmaceutical compositions 
containing Such compounds and pharmaceutically acceptable 
salts thereofand processes for preparing such compounds and 
pharmaceutically acceptable salts thereof. 

8 Claims, No Drawings 



US 9,090,621 B2 
Page 2 

(56) References Cited 

FOREIGN PATENT DOCUMENTS 

GB 2447.933 A 10, 2008 
JP 42008.308 B4 4f1967 
JP 56-63950 A 5, 1981 
JP 200-1450 1, 1990 
JP 04-177244 A 6, 1992 
JP 2005-2396.57 A 9, 2005 
WO WO95/24190 9, 1995 
WO WO95/31432 A1 11, 1995 
WO WO 98.41499 A1 9, 1998 
WO WO99.14216 3, 1999 
WO WOO1,72751 A1 10, 2001 
WO WOO3,050O80 A1 6, 2003 
WO WOO3,082807 A2 10, 2003 
WO WO 2004/O16259 A1 2, 2004 
WO WO 2004/074283 A1 9, 2004 
WO WO 2005/023773 A1 3, 2005 
WO WO 2005/030.184 A2 4/2005 
WO WO 2005/08521.0 A1 9, 2005 
WO WO 2006,134468 A1 12/2006 
WO WO 2007/043401 A1 4/2007 
WO WO 2007/087068 A2 8, 2007 
WO WO 2008/005954 A2 1, 2008 
WO WO 2008/039218 A2 4/2008 
WO WO 2008/O54827 A2 5, 2008 
WO WO 2008/061740 A1 5, 2008 
WO WO 2008/072053 A2 6, 2008 
WO WO 2008/072O77 A2 6, 2008 
WO WO 2008/121742 A2 10/2008 
WO WO 2010/009342 A2 1, 2010 
WO WO 2011/046964 A2 4/2011 
WO WO 2011/060440 A2 5, 2011 
WO WO 2011 152351 A1 12, 2011 
WO WO 2011, 153514 A2 12/2011 
WO WO 2012/158764 A1 11/2012 
WO WO 2012/158795 A1 11/2012 
WO WO 2012, 15881.0 A1 11, 2012 
WO WO 2012, 158843 A2 11/2012 
WO WO 2013 (OO3629 A2 1, 2013 
WO WO 2013/010136 A2 1, 2013 
WO WO 2013 (010380 A1 1, 2013 
WO WO 2013/010868 A1 1, 2013 
WO WO 2013/010869 A1 1, 2013 
WO WO 2013,059.738 A2 4/2013 
WO WO 2013,102059 A1 T 2013 
WO WO 2013, 116382 A1 8, 2013 
WO WO 2013, 191965 A1 12/2013 
WO WO 2014/022569 A1 2, 2014 
WO WO 2014/078578 A1 5, 2014 

OTHER PUBLICATIONS 
Cohen, Michael S., et al., “Structural Bioinformatics-Based Design 
of Selective, Irreversible Kinase Inhibitors.” Science, vol. 308, May 
27, 2005. 
Donald, Alastair, et al., “Rapid Evolution of 6-Phenylpurine Inhibi 
tors of Protein Kinase B through Structure-Based Design.” J. Med. 
Chem., 50:2289-2292 (2007). 
International Preliminary Report on Patentability for International 
Application No. PCT/US2010/056890, mailed Nov. 16, 2010. 
International Search Report, PCT/US2010/056890, mailed Nov. 16, 
2010. 
Kamath, S. and Buolamwini John K., “Receptor-Guided Alignment 
Based Comparative 3D-QSAR Studies of Benzylidene Malonitrile 
Tyrphostins as EGFR and HER-2 Kinase Inhibitors.” J. Med. Chem. 
46:4657-4668 (2003). 
Knight, Z.A., “A membrane capture assay for lipid kinase activity.” 
Nature Protocols, vol. 2, No. 10 (2007). 
Miller, Rand M.. “Electrophilic Fragment-Based Design of Revers 
ible Covalent Kinase Inhibitors.” J. Am. Chem. Soc. 135(14):5298 
5301 (2013). 
Office Action issued Apr. 12, 2013 in Chinese Application No. 
201080061570.1 
Pan, Zhengying, et al., “Discovery of Selective Irreversible Inhibitors 
for Bruton's Tyrosine Kinase.” ChemMedChem, 2:58-61 (2007). 

Proenca, Fernanda and Costa, Marta, "A simple and eco-friendly 
approach for the synthesis of 2-imino and 2-oxo-2H -chromene-3- 
carboxamides.” Green Chem., 10:995-998 (2008). 
Rellos, Peter et al., “Structure and Regulation of the Human Nek2 
Centrosomal Kinase.” Journal of Biological Chemistry, 
282(9):6833-6842, (2007). 
Sammes, M.P. et al., “O-Cyano-Sulphonyl Chlorides : Their Prepa 
ration and Reactions with Amines, Alcohols, and Enamines. J. 
Chem. Soc. (C) 2151-2155 (1971). 
Santilli Arthur A. and Osdene T.S., “8,9,10,11-Tetrahydro-12H 
benzo 5,6quinoxalino2,3-e 1,4-diazepin-12-ones Examples of a 
New Heterocyclic Ring System.”. J. Org. Chem. 29:2066-2068 
(1964). 
Serafimova, Iana M., et al., “Reversible targeting of noncatalytic 
cysteines with chemically tuned electrophiles.” Nature Chemical 
Biology, 8,471-476 (2012). 
Wang, “Cyanoacetamide Multicomponent Reaction (I): Parallel Syn 
thesis of Cyanoacetamides,” J. Comb. Chem. 11:920-927 (2009). 
Wang, Gary T. et al., “Substituted 4-amino-1H-pyrazolo 3,4- 
dipyrimidines as multi-targeted inhibitors of insulin-like growth fac 
tor-I receptor (IGFIR) and members of ErbB-family receptor 
kinases.” Bioorganic & Medicinal Chemistry Letters 20:6067-6071. 
Wells, Geoffrey et al., “Structural Studies on Bioactive Compounds. 
32. Oxidation of Tyrphostin Protein Tyrosine Kinase Inhibitors with 
Hypervalent Iodine Reagents.”.J. Med. Chem. 43:1550-1562 (2000). 
International Search Report and Written Opinion mailed Jul. 5, 2012 
for PCT Application No. PCT/US2012/038092. 
International Search Report mailed Feb. 1, 2013 for PCT Application 
No. PCT/US2012,038214. 
File History of U.S. Appl. No. 13/929, 179, “Tyrosine Kinase Inhibi 
tors' in the name of David Michael Goldstein, filed Jun. 27, 2013. 
File History of U.S. Appl. No. 13/929,004, “Tyrosine Kinase Inhibi 
tors' in the name of David Michael Goldstein, filed Jun. 27, 2013. 
Armesto et al., “Efficient photochemical synthesis of 
2-vinylcyclopropanecarbaldehydes, precursors of cyclopropane 
components present in pyrethroids, by using the Oxa-di-JL-methane 
rearrangement.” Tetrahedron, 66: 8690-8697 (2010). 
Bernhart et al., “Synthesis and Antiarrhythmic activity of new 
(Dialkylamino)alkylphridylacetamides,” J. Med Chem. 26:451 
455 (1983). 
Burini et al., “Efficient Synthesis of 4-Cyano 2,3-Dihydrooxazoles 
by Direct Amination of 2-Alkylidene 3-Oxo Nitriles.” SYNLETT, 17: 
2673-2675 (2005). 
Deng et al., “Reversible phospho-Smad signalling between tumour 
Suppression and fibrocarcinogenesis in chronic hepatitis B infection.” 
British Society for Immunology, Clinical and Experimental Immu 
nology, 176: 102-111 (2013). 
Elinson et al., “Electrochemical transformation of cyanoacetic ester 
and alkylidenecyanoacetic esters into 3-substituted 1,2- 
dicyanocyclopropane-1,2-dicarboxylates.” Russian Chemical Bulle 
tin, 47(6): 1133-1136 (1998). 
Elliott et al., “The Pyrethrins and Related Compounds. Part XVIII. 
Insecticidal 2,2-Dimethylcyclopropanecarboxylates with New 
Unsaturated 3-Substituents,” Journal of the Chemical Society, Perkin 
Transactions 1: Organic and Bio-Organic Chemistry (1972-1999) 
(1974), (21), 2470-4. 
Elliott et al., “Insecticidal activity of the pyrethrins and related com 
pounds X. & 5-benzyl-3-furylmethyl 2,2- 
dimethyicyclopropanecarboxylates with ethylenic Substituents at 
position 3 on the cyclopropane ring.” Pestic. Sci., 7:499-502 (1976). 
Fioravanti et al., “Parallel Solution-Phase Synthesis of Acrylonitrile 
Scaffolds Carrying -O-Amino Acidic or D-Glycosyl Residues.” J. 
Comb. Chem., 8: 808-811 (2006). 
Gyoung et al., “Regiospecific synthesis of 2-allylated-5-substituted 
tetrazoles via palladium-catalyzed reaction of nitriles, trimethylsilyl 
azide, and allyl acetates.” Tetrahedron Letters, 41 (21): 4193-4196 
(2000). 
Jenner, “Steric effects in high pressure Knoevenagel reactions.” Tet 
rahedron Letters, 42(2): 243-245 (2001). 
Kamijo et al., “Tetrazole synthesis via the palladium-catalyzed three 
component coupling reaction.” Molecular Diversity, 6: 181-192 
(2003). 



US 9,090,621 B2 
Page 3 

(56) References Cited 

OTHER PUBLICATIONS 

Kojima et al., “Stereoselective synthesis of activated cyclopropanes 
with an O-pyridinium acetamide bearing an 8-phenylmenthyl group 
as the chiral auxiliary.” Tetrahedron Letters, 45(18): 3565-3568 
(2004). 
Komura et al., “Layered silicate PLS-1: A new solid base catalyst for 
C-C bond forming reactions.” Catalysis Communications, 8(4): 644 
648 (2007). 
Kotz et al., “The Action of Chloroform on Methylene and Methenyl 
Groups.” Journal fuer Praktische Chemie (Leipzig), Abstract, 74: 
425-48 (1907). 
Lou et al., “Bruton's Tyrosine Kinase Inhibitors: Approaches to 
Potent and Selective Inhibition, Preclinical and Clinical Evaluation 
for Inflammatory Diseases and B Cell Malignancies.”.J. Med. Chem. 
55(10): 4539-4550 (2012). 
Maas et al., “Conjugate Addition of Dialkylaluminum Chlorides to 
Alkylidenemalonic Acid Derivatives.” Synthesis, 10: 1792-1798 
(1999). 
Maurya et al., "Catalyst-free stereoselective cyclopropanation of 
electron deficientalkenes with ethyldiazoacetate.” RSC Advances, 3: 
15600-15603 (2013). 
Neplyuev, "Studies of triacylmethanes VII. 1,1,3,3-Tetraacyl-3- 
arylazo-1-propenes.” Zhurnal Organicheskoi Khimi, Abstract, 
15(3): 563-6 (1979). 
Neplyuev, "Nitration and nitrosation of 1,1,3,3-tetraacyl-1- 
propenes' Ukrainskii Khimicheskii Zhumal (Russian Edition), 
Abstract, 49(2): 192-4 (1983). 
Porter et al., “The discovery of potent, orally bioavailable 
pyrimidine-5-carbonitrile-6-alkyl CXCR2 receptor antagonists.” 
Bioorganic & Medicinal Chemistry Letters, 24:3285-3290 (2014). 
Schwarz et al., “Novel Cyclopropyl B-Amino Acid Analogues of 
Pregabalin and Gabapentin That Target the O2-8 Protein.” J. Med. 
Chem., 48:3026-3035 (2005). 
SciFinder(R) dated May 9, 2011, 8:13 pm. 
SciFinder(R) dated May 9, 2011, 8:23 pm. 
SciFinder(R) dated May 9, 2011, 8:33pm. 
SciFinder(R) dated May 9, 2011, 9:06 pm. 
SciFinder(R) dated May 10, 2011, 10:04 am. 
SciFinder(R) dated May 10, 2011, 10:20 am. 
SciFinder(R) dated May 10, 2011, 10:46 am. 
Stevens et al. “Synthesis of Substituted Cyclopropylphosphonates by 
Michael Induced Ring Closure (MIRC) Reactions.” Synlett, 7: 1089 
1092 (2002). 

Verhé et al., “Preparation of 2,2-Dialkylcyclopropanes Geminally 
Substituted with Electron-Withdrawing Groups.” Synthesis, 7:530-2 
(1978). 
Verhé et al., “Thermal Lactonization of Brominated 
Alkylidenemalonates: Synthesis of 2-Buten-4-Olides.” Bulletin des 
Societes Chimiques Beiges, 87(3): 215-222 (1978). 
Verhé et al. “Synthesis of 1,1-Bis(Hydroxymethyl) Cyclopropanes.” 
Organic Preparations and Procedures International. 13(1): 
13-18(1981). 
Vo et al., “Transformations of Resin-Bound Pyridinium Ylides: I. A 
Stereoselective Synthesis of 2,2,3-Trisubstituted 
Cyclopropanecarboxylates.” Tetrahedron Letters, 38(46): 7951 
7954 (1997). 
Zhang et al., “Organic base catalyzed carbonyl allylation of methyl 
trifluoropyruvate with activated alkenes.” Tetrahedron, 65: 83-86 
(2009). 
Zimmerman et al., “The Diverted Di-T-Methane Rearrangement; 
Mechanistic and Exploratory Organic Photochemistry.” Organic Let 
ters, 4(7): 1155-1158 (2002). 
PCT Notification of Transmittal of the International Search Report 
and the Written Opinion of the International Searching Authority, or 
the Declaration for International Application No. PCT/US2013/ 
058614, mailed Nov. 5, 2013. 
File History of U.S. Appl. No. 13/859,569, “Tyrosine Kinase Inhibi 
tors' in the name of David Michael Goldstein, filed Apr. 9, 2013. 
File History of U.S. Appl. No. 14, 185,687. “Tyrosine Kinase Inhibi 
tors' in the name of David Michael Goldstein, filed Feb. 20, 2014. 
File History of U.S. Appl. No. 14/341,421, “Tyrosine Kinase Inhibi 
tors' in the name of David Michael Goldstein, filed Jul. 25, 2014. 
File History of U.S. Appl. No. 14/117,927. “Pyrazolopyrimidine 
Derivatives. As Tyrosine Kinase Inhibitors' in the name of David 
Michael Goldstein, filed Nov. 15, 2013. 
File History of U.S. Appl. No. 14/117,933, “Tyrosine Kinase Inhibi 
tors' in the name of David Michael Goldstein, filed Nov. 15, 2013. 
File History of U.S. Appl. No. 14/374,788, “Pyrazolopyrimidine 
Compounds. As Kinase Inhibitors,” in the name of Tim Owens, filed 
Jul. 25, 2014. 
File History of U.S. Appl. No. 14464,602, “Pyrazalopyrimidine 
Compounds. As Kinase Inhibitors,” in the name of Tim Owens, filed 
Aug. 20, 2014. 
File History of U.S. Appl. No. 14,084.519. “Purinone Derivatives As 
Tyrosine Kinase Inhibitors,” in the name of Timothy D. Owens, filed 
Nov. 19, 2013. 



US 9,090,621 B2 
1. 

TYROSINE KNASE INHIBITORS 

The present disclosure provides compounds that are 
tyrosine kinase inhibitors, in particular BLK, BMX, EGFR, 
HER2, HER4, ITK, TEC, BTK, and TXK and are therefore 
useful for the treatment of diseases treatable by inhibition of 
tyrosine kinases such as cancer and inflammatory diseases 
Such as arthritis, and the like. Also provided are pharmaceu 
tical compositions containing Such compounds and processes 
for preparing Such compounds. 
The human genome contains at least 500 genes encoding 

protein kinases. Many of these kinases have been implicated 
in human disease and as such represent potentially attractive 
therapeutic targets. For example EGFR is overexpressed in 
breast, head and neck cancers and the overexpression is cor 
related with poor survival (see Do N.Y., et al., Expression of 
c-ErbB receptors, MMPs and VEGF in squamous cell carci 
noma of the head and neck. Oncol Rep. August 12:229-37. 
2004 and Foley J., et al., EGFR signaling in breast cancer:bad 
to the bone. Semin Cell Dev Biol. 21:951-60. 2010). HER2, 
another EGFR family member, also is amplified or overex 
pressed in up to 30% of breast cancers, also correlating with 
poor survival (see Murphy C. G. Modi S. HER2 breast cancer 
therapies: a review. Biologics 3:289-301. 2009). HER4, also 
in the EGFR family, is overexpressed in head and neck squa 
mous cell carcinomas (see Rosen F. S., et al. The primary 
immunodeficiencies. New Engl. J. Med. 333:431-40. 1995). 
Other studies show decreased expression of HER4 in certain 
cancers and suggest tumor Suppressor activity (see Thomas 
son M, et al., ErbB4 is downregulated in renal cell carci 
noma—a quantitative RT-PCR and immunohistochemical 
analysis of the epidermal growth factor receptor family. Acta 
Oncol. 43:453-9. 2004). Overall the data support a role for 
members of the EGFR family in cancer. ITK, a member of the 
TEC kinase family, is involved in activation of T cells and 
mast cells (see Iyer A.S. et al. Absence ofTec Family Kinases 
Interleukin-2 Inducible T cell Kinase (Itk) and Bruton's 
Tyrosine Kinase (Btk) Severely Impairs Fcepsilon}RI-de 
pendent Mast Cell Responses. J. Biol. Chem. 286:9503-13. 
2011) and is a potential target in inflammatory immune dis 
eases such as asthma. Mice deficient in ITK are resistant to 
development of allergic asthma (see Sahu N, et al., Differen 
tial sensitivity to Itk kinase signals for T helper 2 cytokine 
production and chemokine-mediated migration. J. Immunol. 
180:3833-8. 2008). Another family member, BMX, is 
involved in Supporting tumorangiogenesis through its role in 
the tumor vascular endothelium (see Tu T. et al., Bone marrow 
X kinase-mediated signal transduction in irradiated vascular 
endothelium. Cancer Res. 68:2861-9. 2008) and is also pro 
gressively up-regulated during bladder cancer progression 
(see Guo S., et al., Tyrosine Kinase ETK/BMX Is Up-Regu 
lated in Bladder Cancer and Predicts Poor Prognosis in 
Patients with Cystectomy. PLoS One. 6:e17778. 2011) sug 
gesting a potential therapeutic target in this type cancer. The 
B lymphoid kinase (BLK) is linked through genetic associa 
tion with a variety of rheumatic diseases including systemic 
lupus erythematosus and systemic Sclerosis (see Ito I, et al., 
Association of the FAM167A-BLK region with systemic 
sclerosis. Arthritis Rheum. 62:890-5. 2010). 

Bruton's tyrosine kinase (abbreviated as BTK), a member 
of the Tec family non-receptor tyrosine kinases that is essen 
tial for B cell signaling downstream from the B-cell receptor. 
It is expressed in B cells and other hematopoietic cells such as 
monocytes, macrophages and mast cells. It functions in Vari 
ous aspects of B cell function that maintain the B cell reper 
toire (see Gauld S. B. et al., B cell antigen receptor signaling: 
roles in cell development and disease. Science, 296:1641-2. 
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2002)). Clinical validation of the role of B cells in RA has 
been provided by the efficacy of Rituxan (an anti-CD20 anti 
body), which depletes B cells as a mechanism of action (see 
Perosa F., et al., CD20-depleting therapy in autoimmune dis 
eases: from basic research to the clinic. J Intern Med. 267: 
260-77. 2010 and Dörner T, et al. Targeting B cells in 
immune-mediated inflammatory disease: a comprehensive 
review of mechanisms of action and identification of biom 
arkers. Pharmacol Ther: 125:464-75. 2010). Btk is known to 
be required for B cell development because patients with the 
disease X-linked agammaglobulinemia (see Rosen F. S., et 
al., The primary immunodeficiencies. N Engl J Med. 333: 
431-40. 1995). Notably, small-molecule BTK inhibitors in 
pre-clinical development have been shown to be efficacious 
in collagen-induced arthritis (see Pan Z. et al., Discovery of 
selective irreversible inhibitors for Bruton's tyrosine kinase. 
J. Med. Chem. 2:58-61. 2007). However, the potential advan 
tage of a BTK inhibitor (beyond the inherent advantage of a 
small-molecule over a biologic) is that modulation of BTK 
can inhibit B cell function without permanent removal of the 
B cell itself. Therefore, the long periods of low B cell levels 
experienced with Rituxan should be avoidable by targeting 
BTK. 

In addition, the disease modifying activities of BTK are 
expected to extend beyond those of Rituxan because of effects 
on addition cellular targets that are involved in propagation of 
disease. For instance, antigen induced mast cell degranula 
tion is impaired in mast cells derived from the bone marrow of 
BTK deficient mice, demonstrating that BTK is downstream 
of the FceR1 receptor (see Setoguchi R. et al., Defective 
degranulation and calcium mobilization of bone-marrow 
derived mast cells from Xid and BTK-deficient mice. Immu 
nol Lett. 64:109-18. 1998). A similar signaling module exists 
in monocytes and macrophages for the FcyR1 receptor indi 
cating BTK inhibition is highly likely to modulate TNF pro 
duction in response to IgG. Both mast cells and macrophages 
are thought to contribute to propagation of the inflammatory 
cytokine environment of the diseased synovium. 

In addition to the peripheral and synovial effects of BTK 
inhibition described above, there is evidence that BTK inhi 
bition will have bone protective effects in the inflamed joint 
(see Gravallese E. M., et al., Synovial tissue in rheumatoid 
arthritis is a source of osteoclast differentiation factor. Arthri 
tis Rheum. 43:250-8. 2000). Studies with mice that are either 
deficient in BTK or have impaired BTK function have dem 
onstrated that Rankligand-induced osteoclast differentiation 
is impaired in the absence of BTK function (see Lee S.H., et. 
al., The tec family tyrosine kinase BTK Regulates RANKL 
induced osteoclast maturation. J. Biol. Chem. 283:11526-34. 
2008). Taken together these studies suggest a BTK inhibitor 
could inhibit or reverse the bone destruction that occurs in RA 
patients. Given the importance of B cells in autoimmune 
disease, BTK inhibitors could also have utility in other 
autoimmune diseases Such as systemic lupus erythematosus 
(see Shlomchik M. J., et. al., The role of B cells in lprilpr 
induced autoimmunity J. Exp Med. 180: 1295-1306. 1994). 
Notably, an irreversible BTK inhibitor has been shown to 
display efficacy in the mouse MRL/lprlupus model, reducing 
autoantibody production and renal damage (see Honigberg L. 
A., The Bruton tyrosine kinase inhibitor PCI-32765 blocks 
B-cell activation and is efficacious in models of autoimmune 
disease and B-cell malignancy. Proc. Natl. Acad. Sci. 107: 
13075-80. 2010). 
There is also potential for BTK inhibitors for treating aller 

gic diseases (see Honigberg, L., et. al., The selective BTK 
inhibitor PCI-32765 blocks B cell and mast cell activation 
and prevents mouse collagen induced arthritis. Clin. Immu 
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mol. 127 S1:S111.2008). In addition, the irreversible inhibitor 
Suppresses passive cutaneous anaphylaxis (PCA) induced by 
IgE antigen complex in mice (see Honigberg, L., et. al., The 
Selective BTK inhibitor PCI-32765 blocks B cell and mast 
cell activation and prevents mouse collagen induced arthritis. 
Clin. Immunol. 127 S1:S111. 2008). These findings are in 
agreement with those noted with BTK-mutant mast cells and 
knockout mice and suggest that BTK inhibitors may be useful 
for the treatment of asthma, an IgE-dependentallergic disease 
of the airway. 

In addition, platelet aggregation in response to collagen or 
collagen-related peptide is impaired in XLA patients who 
lack BTK function (see Quek L. S. et al. A role for Bruton's 
tyrosine kinase (BTK) in platelet activation by collagen. Curr: 
Biol. 8:1137-40.1998). This is manifested by changes down 
stream from GPIV, such as phosphorylation of PLCgamma2 
and calcium flux, which Suggests potential utility in treating 
thromboembolic diseases. 

Preclinical studies with a selective inhibitor of BTK have 
shown effects on spontaneous canine B cell lymphomas Sug 
gesting a potential utility in human lymphomas or other 
hematologic malignancies including chronic lymphocytic 
leukemia. 

Accordingly, there is a need for compounds that inhibit 
tyrosine kinases thereby providing treatment for diseases 
Such as autoimmune diseases, thromboembolic diseases and 
cancer. The present disclosure can fulfill this need and related 
needs. 

In one aspect, this disclosure is directed to a compound of 
Formula (IA) or a pharmaceutically acceptable salt thereof: 

(LA) 

wherein: 
dashed lines are an optional bond; 
Z', Z, and Z are - N - or —CH , provide that at least 

one and not more than two of Z, Z, and Z are simulta 
neously —N—: 

Lis O, CO, CH, S, SO, SONR, NRCO, CONR, NRSO, 
SONR', or NRCONR, where (each RandR is independently 
hydrogen or alkyl); 
Ar is aryl, heteroaryl, cycloalkyl or heterocyclyl, 
one of RandR is hydrogen, alkyl, hydroxy, alkoxy, halo, 

haloalkyl, or haloalkoxy and the other is —Z-(EWG)-C(CN) 
=CHR where Z is bond, NR" (where R is hydrogen or 
alkyl), O, S, SO, SO, alkylene, cycloalkylene, heteroalky 
lene, —(Z)-aryl-, or —(Z)-heteroaryl (wherein n1 is 0 
or 1, Z is NR (where R is hydrogen oralkyl), O, S, SO, SO, 
alkylene, or heteroalkylene and aryl or heteroaryl is option 
ally substituted with one or two substituents independently 
selected from halo, alkyl, alkoxy, alkylthio, haloalkyl, or 
haloalkoxy), EWG is a bond or an electron withdrawing 
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4 
group, and R is alkyl, haloalkoxy, Substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' or cycloalkylene(alkylene) 
NR'R' (where R and Rare independently hydrogen, alkyl, 
or cycloalkyl), or 3 to 6 membered saturated monocyclic 
heterocyclyl containing one or two heteroatoms selected 
from N, O, or S and optionally substituted with one or two 
substituents selected from hydroxy, alkyl or fluoro; 
R is hydrogen, alkyl, hydroxy, alkoxy, cyano, halo or 

haloalkyl: 
R is hydrogen, alkyl, cyclopropyl, hydroxy, alkoxy, 

cyano, halo, haloalkyl or haloalkoxy; 
R" is hydrogen, alkyl, alkynyl, cyclopropyl, alkylamino, 

dialkylamino, alkylthio, alkylsulfonyl, carboxy, alkoxycar 
bonyl, alkylaminosulfonyl, dialkylaminosulfonyl, 
—CONH2, alkylaminocarbonyl, dialkylaminocarbonyl, 3, 4 
or 5 membered heterocylyl, hydroxy, alkoxy, cyano, halo, 
haloalkyl or haloalkoxy; and 
R and R are independently hydrogen, alkyl, hydroxy, 

alkoxy, halo, haloalkyl, haloalkoxy, carboxy, alkoxycarbo 
nyl, cyano. —CONH2, amino, or monosubstituted or disub 
stituted amino: provided that: (a) when 

R5 

R6 

R7 

is 

O 

NH2 

N1 N-\ 
N 

2N/ 
N V 

Zn RC 
EWG 

le 

where (i) when R is cyclopropyl, tert-butyl, —C(CH) 
CHOH, -C(CH)N(CH), cyclopentyl, isopropyl. 
—C(CH)OCHCH, or azetidin-3-yl, then —Z-EWG- is 
not 
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where Z is a bond or methylene; (ii) when R is cyclopropyl 
then —Z-EWG- is not 

\\ ( ) 
where Z is bond or methylene, and (iii) when R is cyclopro 
pyl and Z is cyclohexyl, then EWG is not NHCO— where 
NH is bonded to cyclohexyl or (b) the compound of Formula 
(IA) is not 2-(3-(4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo 
2,3-dipyrimidin-7-yl)piperidine-1-carbonyl)-3-cyclopropy 
lacrylonitrile; or a pharmaceutically acceptable salt thereof. 

In one aspect, the compound of Formula (IA) or a pharma 
ceutically acceptable salt thereof is a compound of Formula 
(I): 

(I) 

wherein: 
dashed lines are an optional bond; 
Z', Z, and Z are - N - or —CH , provide that at least 

one and not more than two of Z, Z, and Z are simulta 
neously —N—: 

Lis O, CO, CH, S, SO, SONR, NRCO, CONR, NRSO, 
SONR', or NRCONR, where (each RandR is independently 
hydrogen or alkyl); 
Ar is aryl, heteroaryl, cycloalkyl or heterocyclyl, 
one of RandR is hydrogen, alkyl, hydroxy, alkoxy, halo, 

haloalkyl, or haloalkoxy and the other is —Z-(EWG)-C(CN) 
=CHR where Z is bond, NR" (where R is hydrogen or 
alkyl), O, S, SO, SO, alkylene, cycloalkylene, heteroalky 
lene, —(Z)-aryl-, or —(Z)-heteroaryl (wherein n1 is 0 
or 1, Z is NR" (where R is hydrogen or alkyl), O, S, SO, SO, 
alkylene, or heteroalkylene and aryl or heteroaryl is option 
ally substituted with one or two substituents independently 
selected from halo, alkyl, alkoxy, alkylthio, haloalkyl, or 
haloalkoxy), EWG is a bond or an electron withdrawing 
group, and R is alkyl, haloalkoxy, Substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl; 
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6 
R is hydrogen, alkyl, hydroxy, alkoxy, cyano, halo or 

haloalkyl: 
R is hydrogen, alkyl, cyclopropyl, hydroxy, alkoxy, 

cyano, halo, haloalkyl or haloalkoxy; 
R" is hydrogen, alkyl, alkynyl, cyclopropyl, alkylamino, 

dialkylamino, alkylthio, alkylsulfonyl, carboxy, alkoxycar 
bonyl, alkylaminosulfonyl, dialkylaminosulfonyl, 
—CONH, alkylaminocarbonyl, dialkylaminocarbonyl, 3, 4 
or 5 membered heterocylyl, hydroxy, alkoxy, cyano, halo, 
haloalkyl or haloalkoxy; and 
R and R are independently hydrogen, alkyl, hydroxy, 

alkoxy, halo, haloalkyl, haloalkoxy, carboxy, alkoxycarbo 
nyl, cyano. —CONH2, amino, or monosubstituted or disub 
stituted amino: provided that: (a) when 

R5 
R is 

R7 
R4 

O 

NH2 

N1 N-\ 
N 

4. N^ 
V RC 
ANEWG 

le 

CN 

where (i) when R is cyclopropyl, tert-butyl, —C(CH) 
CHOH, -C(CH)N(CH), cyclopentyl, isopropyl. 
—C(CH)OCHCH, or azetidin-3-yl, then —Z-EWG- is 
not 

to 
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where Z is a bond or methylene; (ii) when R is cyclopropyl 
then —Z-EWG- is not 

where Z is bond or methylene, and (iii) when R is cyclopro 
pyl and Z is cyclohexyl, then EWG is not NHCO— where 
NH is bonded to cyclohexyl or (b) the compound of Formula 
(I) is not 2-(3-(4-amino-5-(4-phenoxy-phenyl)-7H-pyrrolo 
2,3-dipyrimidin-7-yl)piperidine-1-carbonyl)-3-cyclopropy 
lacrylonitrile; or a pharmaceutically acceptable salt thereof. 

In another aspect, the compound of Formula (I) or a phar 
maceutically acceptable salt thereof is a compound of For 
mula (I): 

(I) 

wherein: 
dashed lines are an optional bond; 
Z", Z, and Z are N— or —CH , provide that at least 

one and not more than two of Z', Z, and Z are simulta 
neously —N—: 

Lis O, CO, CH, S, SO, SONR, NRCO, CONR, NRSO, 
SONR', or NRCONR, where (each RandR is independently 
hydrogen or alkyl); 
Ar is aryl, heteroaryl, cycloalkyl or heterocyclyl, 
one of R' and R is hydrogen, alkyl, hydroxy, alkoxy, halo, 

haloalkyl, or haloalkoxy and the other is —Z-(EWG)-C(CN) 
=CHR where Z is bond, NR" (where R is hydrogen or 
alkyl), O, S, SO, SO, alkylene, cycloalkylene, heteroalky 
lene, —(Z)-aryl-, or —(Z)-heteroaryl (wherein n1 is 0 
or 1, Z is NR' (where R is hydrogen or alkyl), O, S, SO, SO, 
alkylene, or heteroalkylene and aryl or heteroaryl is option 
ally substituted with one or two substituents independently 
selected from halo, alkyl, alkoxy, alkylthio, haloalkyl, or 
haloalkoxy), EWG is a bond or an electron withdrawing 
group, and R is alkyl, haloalkoxy, Substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl; 
R is hydrogen, alkyl, hydroxy, alkoxy, cyano, halo or 

haloalkyl: 
R and R are independently hydrogen, alkyl, hydroxy, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; and 
R and R are independently hydrogen, alkyl, hydroxy, 

alkoxy, halo, haloalkyl, haloalkoxy, carboxy, alkoxycarbo 
nyl, cyano. —CONH2, amino, or monosubstituted or disub 
stituted amino; 
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provided that: (a) when 

R5 
R is 

R7 

3 

N-7N; R1 

O 

NH2 

N1 N-\ 
l N 4. N 

RC 
7NEWG 

le 

CN 

where (i) when R is cyclopropyl, tert-butyl, —C(CH) 
CHOH, -C(CH)N(CH), cyclopentyl, isopropyl. 
—C(CH)OCHCH, or azetidin-3-yl, then —Z-EWG- is 
not 

Z 

C 
where Z is a bond or methylene; (ii) when R is cyclopropyl 
then —Z-EWG- is not 

() 
where Z is bond or methylene, and (iii) when R is cyclopro 
pyl and Z is cyclohexyl, then EWG is not NHCO— where 
NH is bonded to cyclohexyl or (b) the compound of Formula 
(I) is not 2-(3-(4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo2. 
3-dipyrimidin-7-yl)piperidine-1-carbonyl)-3-cyclopropy 
lacrylonitrile; or a pharmaceutically acceptable salt thereof. 

In a second aspect, this disclosure is directed to a pharma 
ceutical composition comprising a compound of Formula 
(IA), (I) or (I) (or any of the embodiments thereof described 
herein), or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable excipient. 
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In a third aspect, this disclosure is directed to a method of 
treating a disease treatable by inhibition of a tyrosine kinase 
such as BLK, BMX, EGFR, HER2, HER4, ITK, TEC, BTK, 
and TXK, preferably BTK, in a patient which method com 
prises administering to the patient in need thereof, a pharma 
ceutical composition comprising a compound of Formula 
(IA), (I) or (I) (or any of the embodiments thereof described 
herein) or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable excipient. In one embodiment 
the disease is inflammatory disease such as arthritis, kidney 
disease, or cancer Such as B-cell non-Hodgkin lymphoma. 

In one embodiment of this aspect, the Subject in need is 
Suffering from an autoimmune disease, e.g., inflammatory 
bowel disease, arthritis, lupus, rheumatoid arthritis, psoriatic 
arthritis, osteoarthritis, Still's disease, juvenile arthritis, dia 
betes, myasthenia gravis, Hashimoto's thyroiditis, Ord’s thy 
roiditis, Graves disease, Sjogren's syndrome, multiple scle 
rosis, Guillain-Barre Syndrome, acute disseminated 
encephalomyelitis, Addison's disease, opSoclonus-myoclo 
nus syndrome, ankylosing spondylitisis, antiphospholipid 
antibody syndrome, aplastic anemia, autoimmune hepatitis, 
coeliac disease, Goodpasture's syndrome, idiopathic throm 
bocytopenic purpura, optic neuritis, Scleroderma, primary 
biliary cirrhosis, Reiter's syndrome, Takayasu’s arteritis, 
temporal arteritis, warm autoimmune hemolytic anemia, 
Wegener's granulomatosis, psoriasis, alopecia universalis, 
Behcet’s disease, chronic fatigue, dysautonomia, 
endometriosis, interstitial cystitis, neuromyotonia, Sclero 
derma, or vulvodynia. Preferably, the disease is rheumatoid 
arthritis. Preferably, the autoimmune disease is lupus. In 
another embodiment of this aspect, the patient in need is 
Suffering from a heteroimmune condition or disease, e.g., 
graft versus host disease, transplantation, transfusion, ana 
phylaxis, allergy, type I hypersensitivity, allergic conjunctivi 
tis, allergic rhinitis, or atopic dermatitis. 

In another embodiment of this aspect, the patient in need is 
Suffering from an inflammatory disease, e.g., asthma, appen 
dicitis, blepharitis, bronchiolitis, bronchitis, bursitis, cervici 
tis, cholangitis, cholecystitis, colitis, conjunctivitis, cystitis, 
dacryoadenitis, dermatitis, dermatomyositis, encephalitis, 
endocarditis, endometritis, enteritis, enterocolitis, epi 
condylitis, epididymitis, fasciitis, fibrositis, gastritis, gastro 
enteritis, hepatitis, hidradenitis Suppurativa, laryngitis, mas 
titis, meningitis, myelitis myocarditis, myositis, nephritis, 
oophoritis, orchitis, osteitis, otitis, pancreatitis, parotitis, 
pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, 
pneumonitis, pneumonia, proctitis, prostatitis, pyelonephri 
tis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, ten 
donitis, tonsillitis, uveitis, vaginitis, vasculitis, or Vulvitis. In 
another embodiment of this aspect, the patient is suffering 
from inflammatory skin disease which includes, by way of 
example, dermatitis, contact dermatitis, eczema, urticaria, 
rosacea, and Scarring psoriatic lesions in the skin, joints, or 
other tissues or organs. 

In yet another embodiment of this aspect, the subject in 
need is suffering from a cancer. In one embodiment, the 
cancer is a B-cell proliferative disorder, e.g., diffuse large B 
cell lymphoma, follicular lymphoma, chronic lymphocytic 
lymphoma, chronic lymphocytic leukemia, B-cell prolym 
phocytic leukemia, lymphoplanascytic lymphoma?Walden 
strom macroglobulinemia, splenic marginal Zone lymphoma, 
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10 
plasma cell myeloma, plasmacytoma, extranodal marginal 
Zone B cell lymphoma, nodal marginal Zone B cell lym 
phoma, mantle cell lymphoma, mediastinal (thymic) large B 
cell lymphoma, intravascular large B cell lymphoma, primary 
effusion lymphoma, burkitt lymphomafleukemia, or lym 
phomatoid granulomatosis. In some embodiments, the com 
pound of Formula (IA), (I) or (I) (or any of the embodiments 
thereof described herein), is administered in combination 
with anotheran anti-cancer agent e.g., the anti-cancer agent is 
an inhibitor of mitogen-activated protein kinase signaling, 
e.g., U0126, PD98059, PD184352, PD0325901, ARRY 
142886, SB239063, SP600 125, BAY 43-9006, wortmannin, 
Nexavar R, Tarceva R, Sutent(R), Tykerb(R, Sprycel(R), Crizo 
tinib, Xalkori R, or LY294.002. 

In yet another embodiment, the patient in need is Suffering 
from a thromboembolic disorder, e.g., myocardial infarct, 
angina pectoris, reocclusion after angioplasty, restenosis after 
angioplasty, reocclusion after aortocoronary bypass, resteno 
sis after aortocoronary bypass, stroke, transitory ischemia, a 
peripheral arterial occlusive disorder, pulmonary embolism, 
or deep venous thrombosis. 

In a fourth aspect, the disclosure is directed to use of 
compound of Formula (IA), (I) or (I) (and any embodiments 
thereof described herein) as a medicament. In one embodi 
ment, the use of compound of Formula (IA), (I) or (I) is for 
treating a disease mediated by a kinase, preferably BTK, 
more preferably the disease is an inflammatory disease or a 
proliferative disease such as cancer. 

In a fifth aspect is the use of a compound of Formula (IA), 
(I) or (I) (or any of the embodiments thereof described 
herein), in the manufacture of a medicament for treating an 
inflammatory disease in a patient in which the activity of a 
tyrosine kinase such as BLK, BMX, EGFR, HER2, HER4, 
ITK, TEC, BTK, and TXK, preferably, BTK contributes to 
the pathology and/or symptoms of the disease. In one 
embodiment of this aspect, the tyrosine kinase protein is 
BTK. In another embodiment of this aspect, the inflammatory 
disease is respiratory, cardiovascular, or proliferative dis 
CaSCS. 

In any of the aforementioned aspects involving the treat 
ment of proliferative disorders, including cancer, are further 
embodiments comprising administering the compound of 
Formula (IA), (I) or (I) (or any of the embodiments thereof 
described herein), in combination with at least one additional 
agent selected from the group consisting of alemtuzumab, 
arsenic trioxide, asparaginase (pegylated or non-), bevaci 
Zumab, cetuximab, platinum-based compounds such as cis 
platin, cladribine, daunorubicin/doxorubicin/idarubicin, 
irinotecan, fludarabine, 5-fluorouracil, gemtuzamab, meth 
otrexate, paclitaxel, TaxolTM, temozolomide, thioguanine, or 
classes of drugs including hormones (an antiestrogen, an 
antiandrogen, or gonadotropin releasing hormone analogues, 
interferons such as alpha interferon, nitrogen mustards Such 
as buSulfan or melphalan or mechlorethamine, retinoids Such 
as tretinoin, topoisomerase inhibitors such as irinotecan or 
topotecan, tyrosine kinase inhibitors such as gefinitinib or 
imatinib, or agents to treat signs or symptoms induced by 
Such therapy including allopurinol, filgrastim, granisetron/ 
ondansetron/palonosetron, dronabinol. When combination 
therapy is used, the agents can be administered simulta 
neously or sequentially. 
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In a sixth aspect, this disclosure is directed to an interme 
diate of Formula (II): 

(II) 

wherein: 

R and R are independently hydrogen, alkyl, haloalkyl, 
fluoro or chloro; preferably R' is hydrogen and R is fluoro, 
preferably fluoro is at the 2-position of the phenyl ring, the 
carbon atom of the phenyl ring attached to pyrazolopyrimi 
dine ring being the 1-position; 
RandR are independently hydrogen or fluoro; preferably 

RandR are hydrogen; preferably RandR are fluoro, more 
preferably, Rand Rare attached at the 2- and 3-position of 
the phenyl ring, the carbon atom attached to the phenyl ring 
substituted with Rand R being position 1: 

- Z-EWG- is: 

where each ring is optionally substituted with one or two 
substituents selected from alkyl, fluoro, or hydroxy; prefer 
ably – Z-EWG- is: 

F O 
, ls, F A. A. 

? N 
p 

f 

optionally substituted with one or two substituents selected 
from alkyl, fluoro, or hydroxy. More preferably, —Z-EWG 
is 
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where the stereochemistry at *C is (R). Preferably 
- Z-EWG- is: 

where the stereochemistry at C is (RS), (R) or (S); preferably 
(R). Preferably the stereochemistry at *C is (S). 

provided that at least one of R. R. R. and R7 is not 
hydrogen, preferably one of RandR is not hydrogen. 

In a seventh aspect, this disclosure is directed to an inter 
mediate of Formula (III): 

(III) 
NH2 X 

N1N 

O 2 
N N 

N 
NR 

where: 
X is halo, preferably iodo; 
R is an amino protecting group, —COCHCN or —CO— 

C(CN)—CHR where R is alkyl, substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' or cycloalkylene(alkylene) 
NR'R' (where R and Rare independently hydrogen, alkyl, 
or cycloalkyl), or 3 to 6 membered saturated monocyclic 
heterocyclyl containing one or two heteroatoms selected 
from N, O, or S and optionally substituted with one or two 
substituents selected from hydroxy, alkyl or fluoro; 

or a salt thereof. 
Preferably, 

where the stereochemistry at C is (R) or (S). 
Preferably, the stereochemistry at *C is (S) when R is 

alkyl, cycloalkyl, alkyl substituted with hydroxy, alkoxy, 
—NRR' (where R is alkyl, cycloalkyl, hydroxyalkyl, or 
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alkoxyalkyl and R' is alkyl) or heterocycloamino which is 
optionally Substituted with one or two groups independently 
selected from alkyl or hydroxyl, or 3 to 6 membered satu 
rated monocyclic heterocyclyl containing one or two heteroa 
toms selected from N, O, or S and optionally substituted with 
one or two substituents selected from hydroxy, alkyl or fluoro. 

Preferably, the stereochemistry at C is (S) when where R 
is isopropyl, tert-butyl, —C(CH)OCHCH. —C(CH)N 
(CH), —C(CH-)morpholine-4-yl, cyclopropyl, 2-pyrro 
lidinyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 1-meth 
ylpiperidin-3-yl, or 4-tetrahydropyranyl. 

Preferably, the stereochemistry at *C is (R) when R is 
alkyl substituted with —NRR' (where each R is hydrogen, 
alkyl, cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R' is 
hydrogen) or heterocycloamino which is attached to alkyl via 
nitrogen ring atom and which is optionally Substituted with 
one or two groups independently selected from alkyl or 
hydroxyl. Preferably, the stereochemistry at C is (R) when 
R is —C(CH)NH2. —C(CH)NHCH, —C(CH), 
NHCHCH, C(CH)NHCH(CH), C(CH)NHcy 
clopropyl. —C(CH)NH(CH)OCH, or —C(CH)mor 
pholine-4-yl. 

In an eighth aspect, this disclosure is directed to an inter 
mediate of Formula (IV): 

(IV) 
X 

where: 
X" is hydroxy or a leaving group, preferably halo; 
R is COCHCN or CO C(CN)—CHR where R is 

alkyl, substituted alkyl, cycloalkyl, cycloalkyleneNR'R' or 
cycloalkylene(alkylene)NR'R' (where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl), or 3 to 6 membered 
saturated monocyclic heterocyclyl containing one or two het 
eroatoms selected from N, O, or S and optionally substituted 
with one or two substituents selected from hydroxy, alkyl or 
fluoro; 

or a salt thereof. 
Preferably, 

where the stereochemistry at C is (R) or (S). Preferably, the 
stereochemistry at C is (S) when R is alkyl, cycloalkyl, 
alkyl substituted with hydroxy, alkoxy, —NRR' (where each 
R is alkyl, cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R is 
alkyl) or heterocycloamino which is optionally substituted 
with one or two groups independently selected from alkyl or 
hydroxyl, or 3 to 6 membered saturated monocyclic hetero 
cyclyl containing one or two heteroatoms selected from N, O, 
or S and optionally substituted with one or two substituents 
selected from hydroxy, alkyl or fluoro. Preferably, where R is 
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14 
isopropyl, tert-butyl, —C(CH)OCHCH. —C(CH)N 
(CH), —C(CH-)morpholine-4-yl, cyclopropyl. 2-pyrro 
lidinyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 1-meth 
ylpiperidin-3-yl, or 4-tetrahydropyranyl. 

Preferably, the stereochemistry at *C is (R) when R is 
alkyl substituted with —NRR' (where each R is hydrogen, 
alkyl, cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R' is 
hydrogen) or heterocycloamino which is attached to alkyl via 
nitrogen ring atom and which is optionally Substituted with 
one or two groups independently selected from alkyl or 
hydroxyl. Preferably, R is C(CH)NH = C(CH), 
NHCH, C(CH)NHCHCH-C(CH)NHCH(CH), 
—C(CH)NHcyclopropyl. —C(CH)NH(CH)OCH or 
—C(CH-)-morpholine-4-yl. 

In a ninth aspect, provided is a process of preparing a 
compound of Formula (Id): 

(Id) 

where: 
Z is N-; 
R is fluoro; 
R" is hydrogen; 
Rand R7 are independently hydrogen or fluoro; 
- Z-EWG- is 

/city ( , 
each ring optionally substituted with one or two Substituents 
independently selected from alkyl, hydroxy, or halo, and the 
carbonyl and Sulfonyl group in 

/cy- 3, 
is attached to C(CN)—CHR; and 
R is alkyl, haloalkoxy, substituted alkyl, cycloalkyl, 

cycloalkyleneNR'R' or cycloalkylene(alkylene)NR'R'' 
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(where R and R are independently hydrogen, alkyl, or 
cycloalkyl), or 3 to 6 membered saturated monocyclic het 
erocyclyl containing one or two heteroatoms selected from N. 
O, or S and optionally substituted with one or two substituents 
selected from hydroxy, alkyl or fluoro; or 

a pharmaceutical salt thereof. 
comprising: 
(a) reacting a compound of Formula (A): 

(A) 

wherein: 
Z is - N : 
R is fluoro; 
R" is hydrogen; 
Rand R7 are independently hydrogen or fluoro; 
- Z-EWG- is: 

O 

where each ring is optionally substituted with one or two 
substituents selected from alkyl, fluoro, or hydroxy: 

with an aldehyde of formula RCHO where R is alkyl, 
substituted alkyl, cycloalkyl, cycloalkyleneNR'R' or 
cycloalkylene(alkylene)NR'R' (where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl), or 3 to 6 membered 
saturated monocyclic heterocyclyl containing one or two het 
eroatoms selected from N, O, or S and optionally substituted 
with one or two substituents selected from hydroxy, alkyl or 
fluoro; or 

(b) reacting a compound of formula (B): 

(B) 
R6 

'N1SA SC 
o R7 

3 
N R 

lsly M 
s N 

Y, NEWG 

where Z, R. R. R. and Rare as defined above; and 
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16 
Z-EWG is 

NH O s 

NH 

each ring optionally substituted with one or two Substituents 
independently selected from alkyl, hydroxy, or halo: 

with a compound of formula RCOX where X is a leaving 
group and R is as defined above; 

(c) optionally making an acid addition salt of a compound 
obtained from Steps (a) or (b) above; 

(d) optionally making a free base of a compound obtained 
from Steps (a) or (b) above. 

In one embodiment, in the process above, 

R6 

y 
N i-R7 

is a ring of formula: phenyl or 

F 

In another embodiment, in the process above, 

A 
NJR 

is a ring of formula: phenyl or 

F 
F 

M O 

and ls, and 
N y 
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Definitions: 
Unless otherwise stated, the following terms used in the 

specification and claims are defined for the purposes of this 
Application and have the following meaning: 

Alkyl means a linear saturated monovalent hydrocarbon 
radical of one to six carbon atoms or a branched saturated 
monovalent hydrocarbon radical of three to six carbon atoms, 
e.g., methyl, ethyl, propyl, 2-propyl, butyl (including all iso 
meric forms), pentyl (including all isomeric forms), and the 
like. 

Alkynyl means a linear Saturated monovalent hydrocar 
bon radical of two to six carbonatoms or a branched saturated 
monovalent hydrocarbon radical of three to six carbon atoms 
that contains a triple bond, e.g., ethynyl, propynyl, 2-propy 
nyl, butynyl (including all isomeric forms), pentynyl (includ 
ing all isomeric forms), and the like. 

Alkylene' means a linear saturated divalent hydrocarbon 
radical of one to six carbon atoms or a branched saturated 
divalent hydrocarbon radical of three to six carbon atoms 
unless otherwise stated e.g., methylene, ethylene, propylene, 
1-methylpropylene, 2-methylpropylene, butylene, pentylene, 
and the like. 

Alkylthio’ means a —SR radical where R is alkyl as 
defined above, e.g., methylthio, ethylthio, and the like. 

Alkylsulfonyl' means a —SOR radical where R is alkyl 
as defined above, e.g., methylsulfonyl, ethylsulfonyl, and the 
like. 
“Amino” means a NH. 
Alkylamino” means a —NHR radical where R is alkyl as 

defined above, e.g., methylamino, ethylamino, propylamino, 
or 2-propylamino, and the like. 

"Alkoxy” means a–OR radical where R is alkylas defined 
above, e.g., methoxy, ethoxy, propoxy, or 2-propoxy, n-, iso-, 
or tert-butoxy, and the like. 

Alkoxyalkyl means a linear monovalent hydrocarbon 
radical of one to six carbon atoms or a branched monovalent 
hydrocarbon radical of three to six carbons substituted with at 
least one alkoxy group, preferably one or two alkoxy groups, 
as defined above, e.g., 2-methoxyethyl, 1-, 2-, or 3-methox 
ypropyl, 2-ethoxyethyl, and the like. 

Alkoxycarbonyl' means a —C(O)OR radical where R is 
alkyl as defined above, e.g., methoxycarbonyl, ethoxycarbo 
nyl, and the like. 

Aminocarbonyl means a —CONRR' radical where R is 
independently hydrogen, alkyl, or Substituted alkyl, each as 
defined herein and R' is hydrogen, alkyl, cycloalkyl, 
cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, het 
erocyclyl, heterocyclylalkyl, or Substituted alkyl, each as 
defined herein and wherein the aryl, heteroaryl, or heterocy 
clyl ring either alone or part of another group e.g., aralkyl, is 
optionally substituted with one, two, or three substituents 
independently selected from alkyl, alkoxy, halo, haloalkoxy, 
hydroxyl, carboxy, or alkoxycarbonyl, e.g., —CONH2, 
methylaminocarbonyl, 2-dimethylaminocarbonyl, and the 
like. When R is hydrogen and R' is alkyl in CONRR", the 
group is also referred to herein as alkylaminocarbonyl and 
when RandR' are both alkyl in CONRR", the group is also 
referred to herein as dialkylaminocarbonyl. 

Aminosulfonyl means a —SONRR" radical where R is 
independently hydrogen, alkyl, or Substituted alkyl, each as 
defined herein and R' is hydrogen, alkyl, cycloalkyl, 
cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, het 
erocyclyl, heterocyclylalkyl, or Substituted alkyl, each as 
defined herein and wherein the aryl, heteroaryl, or heterocy 
clyl ring either alone or part of another group e.g., aralkyl, is 
optionally substituted with one, two, or three substituents 
independently selected from alkyl, alkoxy, halo, haloalkoxy, 
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20 
hydroxyl, carboxy, or alkoxycarbonyl, e.g., -SONH2, 
methylaminosulfonyl, dimethylaminosulfonyl, and the like. 
When R is hydrogen and R' is alkyl in —SONRR", the group 
is also referred to herein as alkylaminosulfonyl and when R 
and Rare both alkyl in SONRR', the group is also referred 
to herein as dialkylaminosulfonyl. 

Acyl' means a —COR radical where R is alkyl, haloalkyl, 
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, het 
eroaralkyl, heterocyclyl, or heterocyclylalkyl, each as defined 
herein, and wherein the aryl, heteroaryl, or heterocyclyl ring 
either alone or part of another group e.g., aralkyl, is optionally 
substituted with one, two, or three substituents independently 
selected from alkyl, alkoxy, halo, haloalkoxy, hydroxyl, car 
boxy, or alkoxycarbonyl, e.g., acetyl, propionyl, benzoyl, 
pyridinylcarbonyl, and the like. When R is alkyl, the radical is 
also referred to herein as alkylcarbonyl. 

"Aryl means a monovalent monocyclic or bicyclic aro 
matic hydrocarbon radical of 6 to 10 ring atoms e.g., phenyl or 
naphthyl. 

Aralkyl means a -(alkylene)-R radical where R is aryl as 
defined above. 

“Cycloalkyl means a cyclic saturated monovalent hydro 
carbon radical of three to ten carbon atoms wherein one or 
two carbon atoms may be replaced by an oxo group, e.g., 
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, and the 
like. 

“Cycloalkylalkyl means a -(alkylene)-R radical where R 
is cycloalkyl as defined above; e.g., cyclopropylmethyl, 
cyclobutylmethyl, cyclopentylethyl, or cyclohexylmethyl, 
and the like. 

“Cycloalkylene' means a cyclic saturated divalent hydro 
carbon radical of three to ten carbon atoms wherein one or 
two carbon atoms may be replaced by an oxo group, e.g., 
cyclopropylene, cyclobutylene, cyclopentylene, or cyclo 
hexylene, and the like. 

“Carboxy” means -COOH. 
“Disubstituted amino” means a —NRR' radical where R 

and R' are independently alkyl, cycloalkyl, cycloalkylalkyl, 
acyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl, 
heterocyclylalkyl, or substituted alkyl, each as defined herein, 
and wherein the aryl, heteroaryl, or heterocyclyl ring either 
alone or part of another group e.g., aralkyl, is optionally 
substituted with one, two, or three substituents independently 
selected from alkyl, alkoxy, halo, haloalkoxy, hydroxyl, car 
boxy, oralkoxycarbonyl, e.g., dimethylamino, phenylmethy 
lamino, and the like. When the RandR' groups are alkyl, the 
disubstituted amino group may be referred to herein as 
dialkylamino. 
The term “electron withdrawing group' refers to a chemi 

cal Substituent that modifies the electrostatic forces acting on 
a nearby chemical reaction center by withdrawing negative 
charge from that chemical reaction center. Thus, electron 
withdrawing groups draw electrons away from a reaction 
center. As a result, the reaction center is fractionally more 
positive than it would be in the absence of the electron 
withdrawing group. In some embodiments, the chemical 
reaction center is one of the two carbons forming the carbon 
carbon double bond (olefin). In some embodiments, the 
chemical reaction center is the olefin carbon attached to 
EWG. The electron withdrawing group functions to draw 
charge or electrons away from this olefin carbon thereby 
making the olefin carbon electron deficient (relative to the 
absence of the electron withdrawing group). The electron 
deficient olefin carbon is thereby rendered more reactive 
toward electron rich chemical groups, such as the Sulfhydryl 
of a kinase active site cysteine. 



US 9,090,621 B2 
21 

Some non-limiting examples of EWG include, but are not 
limited to, NR' , —CH(haloalkyl)-, -S(O), S(O), 
CO NR'CO NR'SO - PO(OR") , 

Aoy /ory 
heteroaryl, or aryl; wherein each R" is independently hydro 
gen, alkyl, Substituted alkyl, or cycloalkyl, ring A is hetero 
cycloamino where the carbonyl and Sulfonyl groups are 
attached to C(CN)—CHR in the definition of RandR in 
compound of Formula (IA), (I) or (I); and heterocycloamino, 
aryl and heteroaryl are substituted with one, two or three 
Substituents independently selected from hydrogen, alkyl, 
alkoxy, hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, 
alkylthio, alkylsulfonyl, carboxy, alkoxycarbonyl, aminocar 
bonyl or aminosulfonyl, preferably from hydrogen, alkyl, 
alkoxy, hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, 
alkylthio, or alkylsulfonyl. Preferably, the heteroaryl ring is 
pyridinyl, pyrazolyl, indazolyl, indolyl, thienyl, pyrrolyl, 
imidazolyl, thiazolyl, benzothiazolyl, oxazolyl, benzimida 
Zolyl, benzoxazolyl, isoxazolyl, benzisoxazolyl, triazolyl, 
benzotriazolyl, quinolinyl, isoquinolinyl, quinazolinyl, pyri 
midinyl, or pyridinyl N-oxide optionally substituted as 
defined in previous paragraph. In NR'CO—and—NR'SO 
groups, the CO and the SO, groups are attached to —C(CN) 
CHR. 
Preferably, EWG is NR'CO NR'SO , 

Aoy /ory 
heteroaryl, or aryl; wherein each R" is independently hydro 
gen, alkyl, Substituted alkyl, cycloalkyl, ring A is heterocy 
cloamino where the carbonyl and Sulfonyl groups are 
attached to C(CN)—CHR in the definition of RandR in 
compound of Formula (IA), (I) or (I); and heterocycloamino, 
aryl and heteroaryl are substituted with one, two or three 
Substituents independently selected from hydrogen, alkyl, 
alkoxy, hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, 
alkylthio, alkylsulfonyl, carboxy, alkoxycarbonyl, aminocar 
bonyl or aminosulfonyl, preferably from hydrogen, alkyl, 
alkoxy, hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, 
alkylthio, alkylsulfonyl. Preferably, the heteroaryl ring is 
pyridinyl, pyrazolyl, indazolyl, indolyl, thienyl, pyrrolyl, 
imidazolyl, thiazolyl, benzothiazolyl, oxazolyl, benzimida 
Zolyl, benzoxazolyl, isoxazolyl, benzisoxazolyl, triazolyl, 
benzotriazolyl, quinolinyl, isoquinolinyl, quinazolinyl, pyri 
midinyl, or pyridinyl N-oxide optionally substituted as 
defined in previous paragraph. 

In the compounds of Formula (IA), (I) or (I), when R' or R 
is –Z-(EWG) C(CN)—CHR and the ring to which R' or 
R is attached is an electron deficient at system, both Z and 
EWG can be a bond and the carbonatom substituted with the 
cyano group in —C(CN)—CHR can directly attach to such 
electron deficient ring. A ring has electron deficient at System 
when it is Substituted with an electron withdrawing group or 
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the ring itself is electron deficient e.g., heteroaryl rings con 
taining electronegative ring atoms such as nitrogen, oxygen 
or sulfur. 

In some embodiments, a composition of the present dis 
closure comprises a compound corresponding to Formula 
(IA), (I) or (I) (or a pharmaceutically acceptable salt thereof) 
in which R' or Ris–Z-(EWG)-C(CN)—CHR and the ring 
to which R' or R is attached is an electron deficient at system. 
In such embodiments, Zand EWG may each be bonds and the 
carbon atom substituted with the cyano group in —C(CN) 
—CHR can directly attach to such electron deficient ring. In 
general, a ring has electron deficient at System when it is 
Substituted with an electron withdrawing group or the ring 
itself is electron deficient, e.g., heteroaryl rings containing 
electronegative ring atoms Such as nitrogen, oxygen or Sulfur. 
For example, the ring 

is an electron deficient at system when it is unsubstituted or 
Substituted with halo, cyano or haloalkyl and Ar can be an 
electron deficient at System when Aris heteroaryl e.g., 
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-continued 

2N 
a NH. s NH, 

HN N NS 
NRN Né 

N 
e N 2N 

N O N. 

substituted with R or R or phenyl substituted with Ror 
R where at least one of R or R is an electron withdrawing 
group i.e., halo, haloalkyl, carboxy, alkoxycarbonyl, cyano, 
or – CONH. 

"Halo' means fluoro, chloro, bromo, or iodo, preferably 
fluoro or chloro. 

"Haloalkyl means alkyl radical as defined above, which is 
Substituted with one or more halogenatoms, preferably one to 
five halogenatoms, preferably fluorine or chlorine, including 
those substituted with different halogens, e.g., —CHCl, 
—CF, —CHF, —CH2CF, —CFCF, -CF (CH), and 
the like. When the alkyl is substituted with only fluoro, it is 
referred to in this Application as fluoroalkyl. 

"Haloalkoxy' means a —OR radical where R is haloalkyl 
as defined above e.g., —OCF, —OCHF, and the like. When 
R is haloalkyl where the alkyl is substituted with only fluoro, 
it is referred to in this Application as fluoroalkoxy. 

“Hydroxyalkyl means a linear monovalent hydrocarbon 
radical of one to six carbon atoms or a branched monovalent 
hydrocarbon radical of three to six carbons substituted with 
one or two hydroxy groups, provided that if two hydroxy 
groups are present they are not both on the same carbonatom. 
Representative examples include, but are not limited to, 
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hy 
droxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hy 
droxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydrox 
ypropyl. 1-(hydroxymethyl)-2-hydroxyethyl, 2,3- 
dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)- 
3-hydroxypropyl, preferably 2-hydroxyethyl, 2.3- 
dihydroxypropyl, and 1-(hydroxymethyl)-2-hydroxyethyl. 

“Heterocyclyl means a saturated or unsaturated monova 
lent monocyclic group of 4 to 8 ring atoms in which one or 
two ring atoms are heteroatom selected from N, O, or S(O), 
where n is an integer from 0 to 2, the remaining ring atoms 
being C. The heterocyclyl ring is optionally fused to a (one) 
aryl or heteroaryl ring as defined herein provided the aryland 
heteroaryl rings are monocyclic. The heterocyclyl ring fused 
to monocyclic aryl or heteroaryl ring is also referred to in this 
Application as “bicyclic heterocyclyl ring. Additionally, one 
or two ring carbon atoms in the heterocyclyl ring can option 
ally be replaced by a —CO— group. More specifically the 
term heterocyclyl includes, but is not limited to, pyrrolidino, 
piperidino, homopiperidino, 2-oxopyrrolidinyl, 2-oxopip 
eridinyl, morpholino, piperazino, tetrahydropyranyl, thio 
morpholino, and the like. When the heterocyclyl ring is unsat 
urated it can contain one or two ring double bonds provided 
that the ring is not aromatic. When the heterocyclyl group 
contains at least one nitrogenatom, it is also referred to herein 
as heterocycloamino and is a Subset of the heterocyclyl group. 
When the heterocyclyl group is a saturated ring and is not 
fused to aryl or heteroaryl ring as Stated above, it is also 
referred to herein as Saturated monocyclic heterocyclyl. 
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24 
“Heterocyclylalkyl means a -(alkylene)-R radical where 

R is heterocyclyl ring as defined above e.g., tetraydrofuranyl 
methyl, piperazinylmethyl, morpholinylethyl, and the like. 

“Heterocycloamino” means a saturated or unsaturated 
monovalent monocyclic group of 4 to 8 ring atoms in which 
one or two ring atoms are heteroatom selected from N, O, or 
S(O), where n is an integer from 0 to 2, the remaining ring 
atoms being C provided that at least one of the ring atoms is 
N. Additionally, one or two ring carbon atoms in the hetero 
cycloamino ring can optionally be replaced by a —CO— 
group. When the heterocycloamino ring is unsaturated it can 
contain one or two ring double bonds provided that the ring is 
not aromatic. The heterocyloamino ring can optionally be 
substituted with one, two, or three substituents independently 
selected from alkyl, hydroxyl, alkoxy, cyano, nitro, halo, 
haloalkyl, haloalkoxy, alkylthio, alkylsulfonyl, carboxy, 
alkoxycarbonyl, aminocarbonyl or aminosulfonyl, amino, 
alkylamino, or dialkylamino unless otherwise stated herein. 

“Heteroaryl' means a monovalent monocyclic or bicyclic 
aromatic radical of 5 to 10 ring atoms where one or more, 
preferably one, two, or three, ring atoms are heteroatom 
selected from N, O, or S, the remaining ring atoms being 
carbon. Representative examples include, but are not limited 
to, pyrrolyl, thienyl, thiazolyl, imidazolyl, furanyl, indolyl, 
isoindolyl, oxazolyl, isoxazolyl, benzothiazolyl, benzox 
azolyl, quinolinyl, isoquinolinyl, pyridinyl, pyrimidinyl, 
pyrazinyl, pyridazinyl, triazolyl, tetrazolyl, and the like. 

“Heteroaralkyl means a -(alkylene)-R radical where R is 
heteroaryl as defined above. 

“Heteroalkylene' means an -(alkylene)-radical where one, 
two or three carbons in the alkylene chain is replaced by 
-O-, N(H, alkyl, or substituted alkyl), S, SO, SO, or CO. 

"Monosubstituted amino” means a —NHR radical where 
R is alkyl, cycloalkyl, cycloalkylalkyl, acyl, aryl, aralkyl, 
heteroaryl, heteroaralkyl, heterocyclyl, heterocyclylalkyl, or 
substituted alkyl, each as defined herein, and wherein the aryl, 
heteroaryl, or heterocyclyl ring either alone or part of another 
group e.g., aralkyl, is optionally Substituted with one, two, or 
three substituents independently selected from alkyl, alkoxy, 
halo, haloalkoxy, hydroxyl, carboxy, or alkoxycarbonyl, e.g., 
methylamino, phenylamino, hydroxyethylamino, and the 
like. When R is alkyl, the monosubstituted amino group may 
be referred to herein as alkylamino. 
The present disclosure also includes the prodrugs of com 

pounds of Formula (IA), (I) or (I) (or any of the embodiments 
thereof described herein). The term prodrug is intended to 
represent covalently bonded carriers, which are capable of 
releasing the active ingredient of Formula (IA), (I) or (I) (or 
any of the embodiments thereof described herein), when the 
prodrug is administered to a mammalian Subject. Release of 
the active ingredient occurs in vivo. Prodrugs can be prepared 
by techniques known to one skilled in the art. These tech 
niques generally modify appropriate functional groups in a 
given compound. These modified functional groups however 
regenerate original functional groups in vivo or by routine 
manipulation. Prodrugs of compounds of Formula (IA), (I) or 
(I) (or any of the embodiments thereof described herein), 
include compounds wherein a hydroxy, amino, carboxylic, or 
a similar group is modified. Examples of prodrugs include, 
but are not limited to esters (e.g., acetate, formate, and ben 
Zoate derivatives), carbamates (e.g., N,N-dimethylaminocar 
bonyl) of hydroxy or amino functional groups in compounds 
of Formula (IA), (I) or (I)), amides (e.g., trifluoroacety 
lamino, acetylamino, and the like), and the like. Prodrugs of 
compounds of Formula (IA), (I) or (I) (or any of the embodi 
ments thereof described herein), are also within the scope of 
this disclosure. 
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The present disclosure also includes protected derivatives 
of compounds of Formula (IA), (I) or (I) (or any of the 
embodiments thereof described herein). For example, when 
compounds of Formula (IA), (I) or (I) (or any of the embodi 
ments thereof described herein), contain groups such as 
hydroxy, carboxy, thiol or any group containing a nitrogen 
atom(s), these groups can be protected with a Suitable pro 
tecting groups. A comprehensive list of Suitable protective 
groups can be found in T. W. Greene, Protective Groups in 
Organic Synthesis, John Wiley & Sons, Inc. (1999), the dis 
closure of which is incorporated herein by reference in its 
entirety. The protected derivatives of compounds of Formula 
(IA), (I) or (I) (or any of the embodiments thereof described 
herein), can be prepared by methods well known in the art. 

The present disclosure also includes polymorphic forms 
(amorphous as well as crystalline) and deuterated forms of 
compounds of Formula (IA), (I) or (I) (or any of the embodi 
ments thereof described herein). 
A "pharmaceutically acceptable salt” of a compound 

means a salt that is pharmaceutically acceptable and that 
possesses the desired pharmacological activity of the parent 
compound. Such salts include: 

acid addition salts, formed with inorganic acids such as 
hydrochloric acid, hydrobromic acid, Sulfuric acid, nitric 
acid, phosphoric acid, and the like; or formed with organic 
acids such as formic acid, acetic acid, propionic acid, hex 
anoic acid, cyclopentanepropionic acid, glycolic acid, pyru 
Vic acid, lactic acid, malonic acid, Succinic acid, malic acid, 
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic 
acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
1.2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, 
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naph 
thalenesulfonic acid, 4-toluenesulfonic acid, camphorsul 
fonic acid, glucoheptonic acid, 4,4'-methylenebis-(3-hy 
droxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid, 
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric 
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, 
salicylic acid, Stearic acid, muconic acid, and the like; or 

salts formed when an acidic proton present in the parent 
compound either is replaced by a metal ion, e.g., an alkali 
metal ion, an alkaline earth ion, or an aluminum ion; or 
coordinates with an organic base Such as ethanolamine, 
diethanolamine, triethanolamine, tromethamine, N-methyl 
glucamine, and the like. It is understood that the pharmaceu 
tically acceptable salts are non-toxic. Additional information 
on Suitable pharmaceutically acceptable salts can be found in 
Remington's Pharmaceutical Sciences, 17th ed., Mack Pub 
lishing Company, Easton, Pa., 1985, which is incorporated 
herein by reference. 

The compounds of the present disclosure may have asym 
metric centers. Compounds of the present disclosure contain 
ing an asymmetrically substituted atom may be isolated in 
optically active or racemic forms. It is well known in the art 
how to prepare optically active forms, such as by resolution of 
materials. All chiral, diastereomeric, racemic forms are 
within the scope of this disclosure, unless the specific Stere 
ochemistry or isomeric form is specifically indicated. 

Certain compounds of Formula (IA), (I) or (I) (or any of 
the embodiments thereof described herein), can exist as tau 
tomers and/or geometric isomers. All possible tautomers and 
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26 
cis and trans isomers, as individual forms and mixtures 
thereof are within the scope of this disclosure. Additionally, 
as used herein the term alkyl includes all the possible isomeric 
forms of said alkyl group albeit only a few examples are set 
forth. Furthermore, when the cyclic groups such as aryl, het 
eroaryl, heterocyclyl are substituted, they include all the posi 
tional isomers albeit only a few examples are set forth. Fur 
thermore, all polymorphic forms and hydrates of a compound 
of Formula (IA), (I) or (I) (or any of the embodiments thereof 
described herein), are within the scope of this disclosure. 
“Oxo' or “carbonyl' means C—(O) group. 
“Optional' or “optionally’ means that the subsequently 

described event or circumstance may but need not occur, and 
that the description includes instances where the event or 
circumstance occurs and instances in which it does not. For 
example, "heterocyclyl group optionally Substituted with an 
alkyl group” means that the alkyl may but need not be present, 
and the description includes situations where the heterocyclyl 
group is Substituted with an alkyl group and situations where 
the heterocyclyl group is not substituted with alkyl. 
A “pharmaceutically acceptable carrier or excipient’ 

means a carrier or an excipient that is useful in preparing a 
pharmaceutical composition that is generally safe, non-toxic 
and neither biologically nor otherwise undesirable, and 
includes a carrier or an excipient that is acceptable for Veteri 
nary use as well as human pharmaceutical use. A pharma 
ceutically acceptable carrier/excipient” as used in the speci 
fication and claims includes both one and more than one Such 
excipient. 

“Substituted alkyl means alkyl group as defined herein 
which is substituted with one, two, or three substituents inde 
pendently selected from hydroxyl, alkoxy, carboxy, cyano, 
carboxy, alkoxycarbonyl, alkylthio, alkylsulfonyl, halo, 
- CONRR' or - NRR' (where each R is hydrogen, alkyl, 
cycloalkyl, hydroxyalkyl, or alkoxyalkyl, and each R' is 
hydrogen, alkyl, or cycloalkyl) or heterocyclyl (preferably 
heterocycloamino) which is optionally substituted with one 
or two groups independently selected from alkyl, hydroxyl, 
alkoxy, alkylthio, alkylsulfonyl, halo, or—CONRR' where R 
and Rare as defined above. 

“Treating or “treatment of a disease includes: 
(1) preventing the disease, i.e. causing the clinical symp 

toms of the disease not to develop in a mammal that may be 
exposed to or predisposed to the disease but does not yet 
experience or display symptoms of the disease; 

(2) inhibiting the disease, i.e., arresting or reducing the 
development of the disease or its clinical symptoms; or 

(3) relieving the disease, i.e., causing regression of the 
disease or its clinical symptoms. 
A “therapeutically effective amount’ means the amount of 

a compound of Formula (IA), (I) or (I) (or any of the embodi 
ments thereof described herein), that, when administered to a 
mammal for treating a disease, is sufficient to effect Such 
treatment for the disease. The “therapeutically effective 
amount will vary depending on the compound, the disease 
and its severity and the age, weight, etc., of the mammal to be 
treated. 
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Representative compounds of the Disclosure are shown in 
Tables 1 and 2 below: 

Cpd Stereo 
chem Zi 

phenyl 

phenyl 

phenyl 

3 
methoxyphenyl 

phenyl 

phenyl 

3,4-diClphenyl 

TABLE 1. 

CN 

RC 

28 

RC 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

Mass 
Spec 
M + 1 

506 

SO6 

SO6 

604 

  



Cpd Stereo 
chem Zi R2 

29 

methoxyphenyl 

3 
methoxyphenyl 

phenyl 

phenyl 

3 
methoxyphenyl 
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TABLE 1-continued 

3,4-diClphenyl 

3,4-diClphenyl 

phenyl 

phenyl 

3,4-diClphenyl 

4 
5 

R6 

y 

N 

CN 

RC 

30 

RC 

cyclopropyl 

cyclopropyl 

tert-butyl 

tert-butyl 

tert-butyl 

Mass 
Spec 
M+ 1 

604 

604 

522 

522 
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10 

11 

12 

13 

14 

Stereo 
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N 

1S.4s N 

N 

1r,4r N 

1S.4s N 

R2 

31 

phenyl 

phenyl 

3 
methoxyphenyl 

3 
methoxyphenyl 

phenyl 
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TABLE 1-continued 

phenyl 

3,4-diClphenyl 

3,4-diClphenyl 

phenyl 

4 
5 

R6 

y 

N 

CN 

RC 

32 

RC 

tert-butyl 

cyclopropyl 

tert-butyl 

cyclopropyl 

tert-butyl 

Mass 
Spec 
M+ 1 

522 

618 

536 

  









Cpd 

31A 
31B 

32A 
32B 

33A 
33B 

34 

Stereo 
chem Zi 

R N 
S 

R N 
S 

R N 
S 

N 

R N 
S 

39 

phenyl 

phenyl 

phenyl 

phenyl 

phenyl 
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TABLE 1-continued 

2,3-diFphenyl 

2,6-diFphenyl 

2-Fphenyl 

phenyl 

2,3-diFphenyl 

4 
5 

R6 

y 

N 3 

CN 

RC 

5, 

40 

RC 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

Mass 
Spec 
M+ 1 

542.40 
S42.15 

S42 
S42.30 

524.2 

466 

  







Cpd 

50 

51 

52 

53 

SSA 
55B 

Stereo 
chem Zi 

N 

N 

N 

N 

R CH 
S 

R CH 
S 

R CH 
S 

R CH 
S 

R2 

45 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

phenyl 

phenyl 

2-Fphenyl 

phenyl 

US 9,090,621 B2 

TABLE 1-continued 

phenyl 

phenyl 

phenyl 

phenyl 

phenyl 

3,5-diFphenyl 

phenyl 

phenyl 

4 
5 

N 

R6 

y 

CN 

RC 

46 

RC 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

O 

N -. 
cyclopropyl 

O 

N -. 
cyclopropyl 

Mass 
Spec 
M+ 1 

505 

541 

523 

505 

  





Cpd 

66 

67 

68 

Stereo 
chem Zi 

R C 
S 

R C 
S 

R or S C 

RS N 

CH 

CH 

CH 

49 

phenyl 

phenyl 

2-Fphenyl 

phenyl 

phenyl 

phenyl 

US 9,090,621 B2 

TABLE 1-continued 

3,5-diFphenyl 

phenyl 

phenyl 

phenyl 

phenyl 

R6 

y 
p-\ jR 

-R3 

CN 

RC 

N 
: 

2 
N 

* attached to -C(CN) RC 

50 

RC 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

cyclopropyl 

Mass 
Spec 
M + 1 

519 

555 

536 

SO6 

SO8 

472 

  



Cpd Stereo 
chem Zi 

R N 
S 

R N 
S 

R N 
S 

R N 
S 

R N 
S 

51 

2-methylphenyl 

2-chlorophenyl 

phenyl 

2-Fphenyl 

2-Fphenyl 

US 9,090,621 B2 

TABLE 1-continued 

phenyl 

2,5-diFphenyl 

3-Fphenyl 

3-Fphenyl 

A 
NJR 

CN 

52 

RC 

cyclopropyl 

cyclopropyl 

Mass 
Spec 
M + 1 

541 

544.20 

559 
SS8.90 

544 

  



Cpd Stereo 
chem Z. R. 

R N — 
S 

R N — 
S 

R N — 
S 

R C CH, 

53 

2-Fphenyl 

phenyl 

phenyl 

phenyl 

2-Fphenyl 

US 9,090,621 B2 

TABLE 1-continued 

2,6-diFphenyl 

2,3-diFphenyl 

phenyl 

2,6-diFphenyl 

A 
NJR 

CN 

54 

RC 

tert-butyl 

Mass 
Spec 
M + 1 

544.45 

S44.05 

S64 

S62.25 

  



Cpd 
i 

81A 
81B 

Stereo 
chem Zi 

R N 
S 

R N 
S 

R N 
S 

R N 
S 

R N 
S 

55 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

US 9,090,621 B2 

TABLE 1-continued 

phenyl 

phenyl 

phenyl 

phenyl 

A 
NJR 

CN 

56 

RC 

cyclopropyl 

Mass 
Spec 
M + 1 

S60.10 

S62.1 

526.35 
526.35 

541 
541 

555 
555.05 

  



Cpd Stereo 
chem Zi 

R N 
S 

R N 
S 

R N 
S 

R N 
S 

R N 
S 

57 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

2-Fphenyl 

US 9,090,621 B2 

TABLE 1-continued 

phenyl 

phenyl 

phenyl 

phenyl 

A 
NJR 

CN 

RC 

58 

RC 

Mass 
Spec 
M + 1 

569 
569 

569 
569 

583 

581 

599 

  





































Cpd 
i 

174A 
174B 

17SA 
175B 

176A 
176B 

177A 
177B 

178A 
178B 

Stereo 
chem 

R 
S 

CH 

CH 

CH 

CH 

CH 

93 

phenyl 

phenyl 

phenyl 

2-Fphenyl 

2-Fphenyl 

US 9,090,621 B2 

TABLE 1-continued 

6 Ay 
-R7 N J. 

2 

2,3-diFphenyl 

phenyl 

phenyl 

phenyl 

phenyl 

A 
NJR 

CN 

94 

RC 

Mass 
Spec 
M + 1 

S86 

550 
550 

507 
507 

550 

  

























Cpd # Stereochem 

RS 

RS 

RS 

117 

phenyl 

phenyl 

phenyl 

phenyl 

phenyl 

US 9,090,621 B2 
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TABLE 2-continued 

A 
NJR 

RC 

R 5 
6 e Ary 
\ jR 

2 
3 

4-CFsphenyl cyclopropyl 

4-CFphenyl tert-butyl 

4-CFphenyl tert-butyl 

O 

ly 
3-CFphenyl cyclopropyl 

N 

4-CFsphenyl tert-butyl 

N 

  





is: 

Preferably, 

NH2 

N21 

N 

Preferably, 

Preferably, 

121 
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NH2 

N N N 21 eSR 
s M s 

N^ ls- NN2SR 
Y 

NH2 

R 

NH2 

N N 

N^ 
V N 
R1 

NH2 

N 21 e R2 

ls N -N N 
R1 

NH2 

2 N 

C s N^ 
Y. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

122 
Preferably, 

NH2 

Y-R 
N 
N y 

Embodiment B 
In another embodiment, a compound of Formula (I) is as 

defined above (or a pharmaceutically acceptable salt thereof) 
oras more specifically defined in embodiment (A) and groups 
contained therein, wherein in one group of compounds Lis O. 
S, SO, SONR or NHCONH; preferably O, S, NH, or N(me 
thyl), or NHCONH; more preferably L is O or NHCONH. 
Within this embodiment, in one group of compounds L is O. 
Within this embodiment, in one group of compounds L is 
NHCONH, NHCO, or CONH, preferably NHCONH. Within 
this embodiment and groups contained therein, in one group 
of compounds R is hydrogen, methyl, fluoro, or trifluorom 
ethyl, preferably hydrogen or methyl, more preferably hydro 
gen. 
Embodiment C 

In another embodiment, a compound of Formula (I) is as 
defined above (or a pharmaceutically acceptable salt thereof) 
or as more specifically defined in embodiments (A) and/or 
(B) and groups contained therein, in one group of compounds 
RandR are independently hydrogen, alkyl, alkoxy, cyano, 
halo, haloalkyl or haloalkoxy; preferably Rand Rare inde 
pendently hydrogen, methyl, fluoro, methoxy, chloro, trifluo 
romethyl, or trifluoromethoxy. Preferably, RandR are inde 
pendently hydrogen or fluoro. Preferably, in one group of 
compounds 

is a ring of formula: 

where R is methyl, ethyl, chloro, fluoro or trifluoromethyl, 
preferably methyl, ethyl, chloro or fluoro, more preferably, 
methyl, ethyl, or chloro, even more preferably chloro or 
fluoro, particularly preferably fluoro. Preferably, in another 
group of compounds 
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is a ring of formula 

where R is alkyl or halo, preferably methyl, chloro or fluoro. 

US 9,090,621 B2 

Preferably, in yet another group of compounds 

is a ring of formula 

- - 
C. 

- - 

- 

- 
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124 
-continued 

- L - F 

2 2 
F 

- L 
F 

2 
F 

F 

O ; preferably, 

2 2 
Cl Cl 

F F 

s s O 

2 2 2 
F F Cl 

- 
2 

Cl 

Embodiment D– 
In another embodiment, a compound of Formula (I) is as 

defined above (or a pharmaceutically acceptable salt thereof) 
or as more specifically defined in embodiments (A), (B) and/ 
or (C) and groups contained therein, wherein in one group of 
compounds R and R are independently hydrogen, alkyl, 
alkoxy, halo, haloalkyl, haloalkoxy, or cyano. Preferably, R 
and Rare independently hydrogen, methyl, methoxy, fluoro, 
chloro, trifluoromethyl, trifluoromethoxy, or cyano. Prefer 
ably, in another group of compounds: 

A 
NJR 
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is a ring of formula: 

F 
F 

F 
F 

F 
F 

F 

O preferably, 

R6 

y 
N i-R7 

is a ring of formula: 

F F 
F 

O 

Embodiment E 
In another embodiment, a compound of Formula (I) is as 

defined above (or a pharmaceutically acceptable salt thereof) 
or as more specifically defined in embodiments (A), (B), (C) 
and/or (D) and groups contained therein, wherein in one 
group of compounds: 

(a) R is hydrogen, alkyl, alkoxy, halo, haloalkyl, 
haloalkoxy, or cyano. Preferably, R is hydrogen, methyl, 
methoxy, fluoro, chloro, trifluoromethyl, trifluoromethoxy, or 
cyano; 

R" is Z-(EWG)-C(CN)—CHR where Z is bond, NR 
(where R is hydrogen or alkyl). —O— —S , —S(O)—, 
—S(O)—, alkylene, cycloalkylene, heteroalkylene, aryl or 
heteroaryl, EWG is an electron withdrawing group, and R is 
alkyl, haloalkoxy, Substituted alkyl, cycloalkyl, cycloalkyle 
neNR'R' where RandR are independently hydrogen, alkyl, 
or cycloalkyl; 

and L is O. 
(b) In another group of compounds R' is hydrogen, alkyl, 

alkoxy, halo, haloalkyl, haloalkoxy, or cyano. Preferably, R' 
is hydrogen, methyl, methoxy, fluoro, chloro, trifluorom 
ethyl, trifluoromethoxy, or cyano; 
R is Z-(EWG)-C(CN)—CHR where Z is bond, NR 

(where R' is hydrogen or alkyl). —O— —S , —S(O)—, 
—S(O)—, alkylene, cycloalkylene, aryl, heteroaryl, or het 
eroalkylene, EWG is an electron withdrawing group, and R. 
is alkyl, haloalkoxy, Substituted alkyl, cycloalkyl, cycloalky 
leneNR'R' where R and R are independently hydrogen, 
alkyl, or cycloalkyl, 

and L is NHCONH, NHCO or CONH. 
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126 
(c) Within the groups in embodiment (E), e.g., Subparts (a) 

and (b), in one group of compounds Z is bond, NR", O, or 
methylene and EWG is —CH(haloalkyl)-, —NR' . 
S(O) , S(O) –C(O) , – NRC(O)-, - NR'S 

(O-)-., -PO(OR") , 

Aoy /ory 
heteroaryl, or aryl; wherein each R" is independently hydro 
gen, alkyl, Substituted alkyl, or cycloalkyl, ring A is hetero 
cycloamino where the carbonyl and Sulfonyl groups are 
attached to C(CN)—CHR in the definition of R' and R in 
compound of Formula (I); and heterocycloamino, aryl and 
heteroaryl are substituted with one, two or three substituents 
independently selected from hydrogen, alkyl, alkoxy, 
hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, alkylthio. 
alkylsulfonyl, carboxy, alkoxycarbonyl, aminocarbonyl or 
aminosulfonyl, preferably hydrogen, alkoxy, alkyl, cyano, 
nitro, halo, alkylsulfonyl, haloalkyl, or haloalkoxy 

Within the groups in (c), in one group of compounds EWG 
is aryl or heteroaryl, preferably, EWG is selected from: 
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-continued 

wherein 

each such ring is substituted with one, two or three sub 
stituents independently selected from hydrogen, alkyl, 
alkoxy, hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, 
alkylthio, alkylsulfonyl, carboxy, alkoxycarbonyl, aminocar 
bonyl or aminosulfonyl. Preferably when EWG is heteroaryl 
wherein heteroaryl ring is six membered ring shown above, 
then Z is a bond, O, or NR", preferably a bond; 

a 
symbol denotes point of attachment of the ring to —Z— when 
Z is other than bond and directly to the rest of the molecule 
when Z is a bond; and 

is bond attaching the ring to —C(CN)—CHR. 
Preferably, in another group of compounds EWG is oxazol 
5-yl that is connected at the 2-position to C(CN)—CHR 

(d) Within the groups in embodiment (E) e.g., Subparts (a) 
and (b), in one group of compounds —Z-EWG- is selected 
from: 

15 
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128 
-continued 

each substituted with one, two or three substituents inde 
pendently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
cyano, nitro, halo, haloalkyl, haloalkoxy, alkylthio, alkylsul 
fonyl, carboxy, alkoxycarbonyl, aminocarbonyl oraminosul 
fonyl. 
Preferably, —Z-EWG- is selected from: phenyl, 2-, 3-, or 
4-pyridyl substituted as defined above. 

(i) Within the groups in embodiment (E), e.g., Subparts (a), 
(b), (c), and/or (d) and groups contained therein, in one group 
of compounds when EWG is a six membered ring, then the 
—C(CN)—CH(R) group is attached to the carbon atom in 
the six membered ring that is preferably meta to the carbon 
atom that attaches the six membered ring to —Z—. 
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(ii)Within the groups in embodiment (E), e.g., (a), (b), (c), 
and/or (d) and groups contained therein, in one group of 
compounds when EWG is a five membered ring, then the 
—C(CN)—CH(R) group is attached to the atom in the five 
membered ring that is preferably ortho to the atom that 
attaches the five membered ring to —Z—. 

(e) Within groups in (c), in one group of compounds Z is 
bond, NR", O, or methylene and EWG is 

O 

, or Y 

N N 
A A 

where ring A is heterocycloamino where the carbonyl and 
sulfonyl groups are attached to —C(CN)—CHR in the defi 
nition of R' and R in compound of Formula (I); and hetero 
cycloamino is substituted with one or two substituents inde 
pendently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
cyano, nitro, halo, haloalkyl, haloalkoxy, alkylthio, alkylsul 
fonyl, carboxy, alkoxycarbonyl, aminocarbonyl or aminosul 
fonyl. Preferably, ring A is pyrrolidinyl, piperidinyl, or pip 
erazinyl optionally substituted with methyl, or fluoro. 

Within embodiment (e) and groups contained therein Z is a 
bond, methylene, or O. Preferably, —Z-EWG- is: 

5,3, 
Preferably, -Z-EWG- is: 

where the stereochemistry at C is (R). 
(f) In another group of compounds R' is hydrogen, alkyl, 

alkoxy, halo, haloalkyl, haloalkoxy, or cyano. Preferably, R' 
is hydrogen, methyl, methoxy, fluoro, chloro, trifluorom 
ethyl, trifluoromethoxy, or cyano; 
R is Z-(EWG)-C(CN)—CHR where Z is bond and 

EWG bond, and R is alkyl, haloalkoxy, substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl; 

and L is NHCONH, NHCO or CONH when Ar is an 
electron deficient it system. 

(g) Within groups in embodiment (E) i.e., (a) and (b), in one 
group of compounds Z is bond, or alkylene and EWG 
OCO-, -SO-, - NRCO - or - NR'SO - Prefer 

ably, EWG is NRCO - or - NR'SO. , more preferably 
—NHCO—. Within groups in (g) and groups contained 
therein, in one group of compounds Z is alkylene, preferably 
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ethylene, C(CH) -CH2—, or —CH2—C(CH) , 
preferably methylene or —CH2—C(CH)—. 
Embodiment F 

Within compounds of Formula (I) as defined above, 
wherein in embodiments (A), (B), (C), (D), and/or (E) and 
groups contained therein, and wherein in Subparts (a)-(g) of 
Embodiment E and groups contained therein, one group of 
compounds R is methyl, ethyl, tert-butyl, isopropyl, cyclo 
propyl, trifluoromethyl, 2.2.2-trifluoroethyl, 2-methyl-2-me 
thylaminoethyl, 2-methyl-2-dimethylaminoethyl, or 1-me 
thylaminocycloprop-1-ylene, or 1-dimethylaminocycloprop 
1-ylene; preferably R is cyclopropyl or tert-butyl, more 
preferably R is cyclopropyl. 
Embodiment G 

In another embodiment, within the compound of Formula 
(I) as defined above wherein in embodiments (A), (B), (C), 
(D), (E), and/or (F), and groups contained therein, in one 
group of compounds the 

group is attached at the 4-position of the phenyl ring, the 
carbon atom of the phenyl ring attached to 

being carbon 1. 
(i) Within the groups in embodiment G, in one group of 

compounds, 

is phenyl. 
(ii)Within groups in embodiment G, in another group of 

compounds when R' is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, then, Aris phenyl Substituted 
at meta or para, preferably meta position with R', and R is 
ortho or para to R. 

(iii)Within groups in embodiment G, in another group of 
compounds when R' is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, then, Aris heteroaryl, pref 
erably pyridyl substituted with Rat carbon adjacent to ring 
nitrogen in the pyridyl ring, and R is ortho or para to R. 

(iv) Within groups in embodiment G, in another group of 
compounds when R is hydrogen, alkyl, alkoxy, halo, 
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haloalkyl, haloalkoxy, or cyano, then, Aris phenyl Substituted 
at meta and/or para with R or R the carbon atom of Ar (Ia) 
attached to phenyl being position 1. Preferably, R or R is 
chloro or trifluoromethyl. 

(v) Within groups in embodiment G, in another group of 5 
compounds when R is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, Ar is heteroaryl, preferably 
pyridyl or pyrimidinyl optionally substituted with R-R7. 

(vi) Within groups in embodiment G, in another group of 10 
compounds when R' is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, then, Aris heterocyclyl, pref 
erably, piperidinyl, pyrrolidinyl, 2,3-dihydroindolyl. 

(vii)Within groups in embodiment G, in another group of 
compounds when R is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, then, Aris a ring of formula: 

15 

F 
F F 

O \,) s (Ib) R6 

25 e y 
F l 

30 -R3 
NH2 le 

N 
F, O N R2 

35 2 N 
N V CN 

F Zn 
EWG \ 

RC, 
40 

wherein: 

Preferably, R’ is hydrogen or alkyl: 
45 R and R are independently hydrogen, alkyl, haloalkyl, 

R6 fluoro or chloro; 
e y RandR are independently hydrogen or fluoro; 

i-R Z is a bond, alkylene, or alkylene-O- wherein —O— is 
N connected to EWG: 

" EWG is CO NRCO, NRSO. , 
is a ring of formula: O 

55 s 

F 
F F 

s O 

go —SO - or a five membered heteroaryl ring where R is 
hydrogen or alkyl and ring A is 2-pyrrolidinyl or 3-piperidi 

F F nyl, each ring optionally substituted with one or two alkyl 
provided that (i) when Z is a bond then EWG is 3-piperidi 
nylcarbonyl optionally substituted with one or two alkyl; (ii) 

Embodiment H 65 when Z is alkylene-O then EWG is —CO—and (iii) when 
In yet another embodiment, the compound of Formula (I) Zis alkylene, then ring A is not 3-piperidinylcarbonyl option 

as defined above has the structure (Ia) or (Ib) shown below: ally substituted with one or two alkyl; and 
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R is cycloalkyl, alkyl, or substituted alkyl; provided that: 
when Z is 

then at least one of R. R. RandR is hydrogen. (note: for 
the groups in the definition of EWG, left side of the group is 
attached to Z and right side is attached to —C(CN)—R e.g., 
in —NR'CO NR' is attached to Z and CO is attached to) 
C(CN)—R. 
(i) Within embodiment H, in one group of compound the 

compound of Formula (I) has structure (Ia). 
(ii)Within embodiment H, in another group of compounds 

the compound of Formula (I) has structure (Ib). 
(a) Within the embodiment (H) and groups contained 

therein, in one group of compounds: 

R6 

y 

is a ring of formula: 

F 

F 

F F 

F. 

Preferably, 

134 
is a ring of formula: 

10 

(b) Within embodiment (H) and groups contained therein, 
and subpart (a) of Embodiment (H) and groups contained 
therein, in one group of compounds: 
R’ is hydrogen or alkyl, preferably hydrogen or methyl, 

more preferably hydrogen; 
R and Rare independently hydrogen, methyl, ethyl, tri 

20 fluoromethyl, fluoro or chloro. Preferably, within groups in 
(b), in one group of compounds 

25 

O 

5 - 
R4 N 

6 -R4 

2. 
30 

35 is a ring of formula: 

40 p 

45 2 

where R is methyl, ethyl, chloro, fluoro or trifluoromethyl, 
50 preferably methyl, ethyl, chloro or fluoro, more preferably, 

methyl, ethyl, or chloro, even more preferably chloro or 
fluoro, particularly preferably fluoro. Preferably, within 
groups in (b), in another group of compounds 

55 

A 
5 4 

60 
R3N N 

6 I -R4 
le 

65 
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O 
R3 

5 

is a ring of formula 

where R is alkyl or halo, preferably methyl, chloro or fluoro. 
Preferably, within groups in (b), in yet another group of 
compounds 

RN N 3 
6 I -R4 

le 

is a ring of formula 
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-continued 

p. O 

2 2 
C1 or preferably, 

p. p. p. 
F 

2 2 
F , 

2 
Cl 

(c) Within embodiment (H) and groups contained therein, 
and subpart (a) and/or (b) of Embodiment (H) and groups 
contained therein, in one group of compounds: 
Z is a alkylene, or alkylene-O- wherein —O— is con 

nected to EWG: 
EWG is CO-, - NR'CO ,-NR'SO, , or -SO, 

where R' is hydrogen or alkyl, preferably hydrogen or methyl. 
Preferably, within groups in (c), in one group of compounds 

C. : 

2 
F , C or 

is —Z-EWG- is -(alkylene)-NR'CO—, -(alkylene)- 
NR'SO , -(alkylene)-OCO , or -(alkylene)-SO 
wherein Z is ethylene. —C(CH) -CH2—, or —CH2—C 
(CH), and EWG is NHCO. , N(CH)CO , 
—NHSO —N(CH)SO —SO , or —OCO , 
more preferably Z is ethylene. —C(CH)—CH2—, or 
—CH C(CH) and EWG is NHCO-, - N(CH) 
CO —NHSO , or—N(CH)SO , even more prefer 
ably, EWG is NHCO . 

(d) Within embodiment (H) and groups contained therein, 
and subpart (a) and/or (b) of Embodiment (H) and groups 
contained therein, in another group of compounds: 
Z is a bond or alkylene; and 
EWG is 

AN 

ring A is pyrrolidinyl or piperidinyl, each ring optionally 
substituted with one or two alkyl, preferably methyl. Within 
the groups in Subpart (d), in one group of compounds —Z- 
EWG- is 3(R)-piperidin-1-carbonyl. Within the groups in 
Subpart (d), in another group of compounds —Z-EWG- is 
2-CH-pyrrolidin-1-ylcarbonyl, 2-CH(CH)-pyrrolidin-1- 
ylcarbonyl: 2-CH-3,3-dimethylpyrrolidin-1-ylcarbonyl or 
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2-CH-4,4-dimethylpyrrolidin-1-ylcarbonyl the carbon atom 
of the pyrrolidinyl ring attached to —CH2—having (R) Ste 
reochemistry. 

(e) Within embodiment (H) and groups contained therein, 
and subpart (a) and/or (b) of Embodiment (H) and groups 
contained therein, in another group of compounds: 
Z is alkylene; and 
EWG is a five membered heteroaryl ring, preferably Z is 

methylene, ethylene, —C(CH),CH , —CH2—C 
(CH) and Z is oxazolyl, more preferably —Z-EWG- is 
2-C(CN)—CR-oxazol-5-yl. 

(f) Within embodiment (H) and groups contained therein, 
and Subpart (a) and/or (b) and/or (c) and/or (d) and/or (e) and 
groups contained therein, in one group of compounds R is 
cycloalkyl, alkyl, or Substituted alkyl, preferably, isopropyl. 
tert-butyl or 1-dimethylamino-1-methylethyl, more prefer 
ably cyclopropyl. 
Embodiment I: 

In yet another embodiment, the compound of Formula (IA) 
as defined above has the structure (Ic) below: 

(Ic) 

wherein: 
R and R are independently hydrogen, alkyl, haloalkyl, 

fluoro or chloro; 
Rand R7 are independently hydrogen or fluoro; 
Z-EWG is: 

each ring optionally substituted with one or two Substituents 
selected from alkyl, fluoro, or hydroxy; and 
R is cycloalkyl, alkyl, substituted alkyl, cycloalkyleneN 

R'R' or cycloalkylene(alkylene)NR'R' (where RandR are 
independently hydrogen, alkyl, or cycloalkyl), or 3 to 6 mem 
bered saturated monocyclic heterocyclyl containing one or 
two heteroatoms selected from N, O, or S and optionally 
substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro; 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

138 
provided that at least one of R. R. R and R is not 

hydrogen, preferably one of RandR is not hydrogen. 
(a) Within the embodiment (I) and groups contained 

therein, in one group of compounds: 

R6 

y 

is a ring of formula: 

F 
F F 

F 
F F F 

F 

F. 

Preferably, 

R6 

y 
N i- R7 

is a ring of formula: phenyl, 

F F F 
F 

s O 

F F 

Within (a), in one group of compounds 

A 
NJR 
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is phenyl. Within (a), in another group of compounds 

10 

Within (a), in yet another group of compounds 
is a ring of formula 

15 

R6 O 
R 

er y 5 2O 
I S 

N is R7 

F 

25 

where R is alkylor halo, preferably methyl, chloro or fluoro. 
Preferably, within groups in (b), in yet another group of 

- 0 compounds 

(b) Within embodiment (I) and groups contained therein, 30 
and Subpart (a) of Embodiment (I) and groups contained 
therein, in one group of compounds: 
R and Rare independently hydrogen, methyl, ethyl, tri 

fluoromethyl, fluoro or chloro. Preferably, within groups in P 
(b), in one group of compounds 35 5 

ROY, 
gC SR 

le 2 

O 40 

6 -R4 is a ring of formula 
45 

O 

is a ring of formula: 
50 

F 
2 2 2 

O s s s 

55 

2 
R3 

O O O 

F 
2 

F 

where R is methyl, ethyl, chloro, fluoro or trifluoromethyl, 
preferably methyl, ethyl, chloro or fluoro, more preferably, 2 F 2 
methyl, ethyl, or chloro, even more preferably chloro or 65 s s 
fluoro, particularly preferably fluoro. Preferably, within 
groups in (b), in another group of compounds 
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-continued 

F F 

2 2 2 
F F 

F 

2 2 
C1 or Cl; preferably, 

F F 

2 2 2 
F , F , C 

p 
Cl 

O 

(c) Within embodiment (I) and groups contained therein, 
and Subpart (a) and/or (b) of Embodiment (I) and groups 
contained therein, in one group of compounds: 
Z-EWG is: 

F O 

‘cy 
optionally substituted with one or two substituents selected 
from alkyl, fluoro, or hydroxy. Within the groups in subpart 
(c), in one group of compounds —Z-EWG- is 

P O 
p 

A. 
p p 

F , N, N F 

# 
A 

where the stereochemistry at C is (R). 
(d) Within embodiment (I) and groups contained therein, 

and Subpart (a) and/or (b) of Embodiment (I) and groups 
contained therein, in one group of compounds: 
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Z-EWG is: 

- Z-EWG- is 

where the stereochemistry at C is (RS), (R) or (S); preferably 
(R). More preferably (S). 

(e) Within embodiment (I) and groups contained therein, 
and subpart (a) and/or (b) and/or (c) and/or (d) and groups 
contained therein, in one group of compounds R is 
cycloalkyl, preferably cyclopropyl. 

(f) Within embodiment (I) and groups contained therein, 
and subpart (a) and/or (b) and/or (c) and/or (d) and groups 
contained therein, in one group of compounds R is alkyl, 
preferably isopropyl or tert-butyl, more preferably isopropyl. 

(g) Within embodiment (I) and groups contained therein, 
and subpart (a) and/or (b) and/or (c) and/or (d) and groups 
contained therein, in one group of compounds R is Substi 
tuted alkyl, preferably, alkyl substituted with alkoxy or NRR 
(where R is hydrogen, alkyl, alkoxyalkyl or cycloalkyl and R' 
is hydrogen or alkyl), or heterocyclyl which is optionally 
Substituted with one or two groups independently selected 
from alkyl, preferably R is —C(CH)NH2. —C(CH) 
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NHCH, -C(CH)N(CH), —C(CH)NHCHCH 
—C(CH)NHCH(CH), —C(CH)NHcyclopropyl, 
—C(CH)NH(CH)OCH, —C(CH)OCHCH 
—C(CH-)morpholine-4-yl. Within groups in (g), in one 
group of compounds R is —C(CH)NH2. —C(CH) 
NHCH, -C(CH)N(CH), —C(CH)NHCHCH 
—C(CH)NHCH(CH), or - C(CH)NH(CH)OCH. 
Within groups in (g), in another group of compounds R is 
—C(CH)NHcyclopropyl. Within groups in (g), in yet 
another group of compounds R is —C(CH)OCH2CH. 
Within groups in (g), in yet another group of compounds R is 
—C(CH-)morpholine-4-yl. Within groups in (g), in yet 
another group of compounds R is —C(CH)NH2. 

(h) Within embodiment (I) and groups contained therein, 
and subpart (a) and/or (b) and/or (c) and/or (d) and groups 
contained therein, in one group of compounds R is 
cycloalkylene(alkylene)NR'R' (where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl), preferably 

where n is 1-3, R is hydrogen, methyl or ethyl, and R is 
hydrogen, methyl, ethyl, or isopropyl. 

(i) Within embodiment (I) and groups contained therein, 
and subpart (a) and/or (b) and/or (c) and/or (d) and groups 
contained therein, in one group of compounds R is 
cycloalkyleneNR'R' (where R and R are independently 
hydrogen, or alkyl), preferably 

where R is hydrogen, methyl, ethyl or isopropyl. 
(j) Within embodiment (I) and groups contained therein, 

and subpart (a) and/or (b) and/or (c) and/or (d) and groups 
contained therein, in one group of compounds R is 3 to 6 
membered saturated monocyclic heterocyclyl containing one 
or two heteroatoms selected from N, O, or S and optionally 
substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro; preferably pyrrolidinyl, piperidinyl, 
tetrahydrofuranyl, or tetrahydropyranyl, more preferably 
2-pyrrolidinyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 
1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. 
Embodiment (J): 

In further embodiments 1-100 below, the present disclo 
Sure includes: 

1. A compound of Formula (I) or a pharmaceutically accept 
able salt thereof: 
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(I) 

R7 
R5 

wherein: 

dashed line is an optional double bond; 
Z", Z, and Z are N— or CH, provide that at least one 

and not more than two of Z', Z, and Zare simultaneously N: 
L is O, CO, CH, S, SO, SONR, NRCO, CONR, NR'SO, 

SONR', or NRCONR, where (each RandR' is independently 
hydrogen or alkyl); 
Ar is aryl, heteroaryl, cycloalkyl or heterocyclyl, 
one of R' and R is hydrogen, alkyl, hydroxy, alkoxy, halo, 

haloalkyl, or haloalkoxy and the other is —Z-(EWG)-C(CN) 
—CHR where Z is bond, NR" (where R is hydrogen or 
alkyl), —O , S, SO, SO, alkylene, cycloalkylene, het 
eroalkylene, —(Z)-aryl, or —(Z)-heteroaryl (wherein 
n1 is 0 or 1, Z is NR' (where R is hydrogen or alkyl). —O—, 
S, SO, SO, alkylene, or heteroalkylene and aryl or heteroaryl 
is optionally substituted with one or two substituents inde 
pendently selected from halo, alkyl, alkoxy, alkylthio. 
haloalkyl, or haloalkoxy), EWG is a bond or an electron 
withdrawing group, and R is alkyl, haloalkoxy, Substituted 
alkyl, cycloalkyl, cycloalkyleneNR'R' where R and R are 
independently hydrogen, alkyl, or cycloalkyl; 
R is hydrogen, alkyl, hydroxy, alkoxy, cyano, halo or 

haloalkyl: 
R and R are independently hydrogen, alkyl, hydroxy, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; and 
R and R are independently hydrogen, alkyl, hydroxy, 

alkoxy, halo, haloalkyl, haloalkoxy, carboxy, alkoxycarbo 
nyl, cyano. —CONH2, amino, monosubstituted and disubsti 
tuted amino; 
provided that: 

is 
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-continued is: 

NH2 
O NH2 

5 
21 

) i? M M N 
NH2 N N ls--> 

10 R1 
N1 N N NH2 NH2 

N N RC ls R2 or ls RI. 
ANEWG 15 s N s N 

le Y. Ye 
CN 

Preferably, 

where (i) when R is cyclopropyl, tert-butyl, —C(CH) 2O 
CHOH, —C(CH)N(CH), cyclopentyl, isopropyl. NH2 NH 
—C(CH)OCHCH, or azetidin-3-yl, then —Z-EWG- is 2 
not N21 R2 

25 ls y or N 21 eS M 
s N ls NN2S R1 

O R1 N 
Z 

Xn C 30 Preferably, 
NH2 

where Z is a bond or methylene; (ii) when R is cyclopropyl 21 2 
then —Z-EWG- is not 35 O R 

N N N1 
RI 

40 
Preferably, 

Ar NH2 
C) 45 21 N Y. N N^ 

where Z is bond or methylene, and (iii) when R is cyclopro- N V 
pyl and Z is cyclohexyl, then EWG is not NHCO where so RI 
NH is bonded to cyclohexyl, and (b) the compound of For 
mula (IA) is not 2-(3-(4-amino-5-(4-phenoxyphenyl)-7H- Preferably, 
pyrrolo2,3-dipyrimidin-7-yl)piperidine-1-carbonyl)-3-cy 
clopropylacrylonitrile; or a pharmaceutically acceptable salt 
thereof. 55 NH2 

2. The compound or salt of previous embodiment 1 wherein: 21 
N 

ls N R2 
s N 

60 Y. 

3. The compound or salt of previous embodiment 1 or 2 
wherein L is O, S, SO, SO, NR or NHCONH; preferably 

65 O, S, NH, or N(methyl), or NHCONH; 
4. The compound or salt of previous embodiment 1 or 2 

wherein L is O or NHCONH. 
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5. The compound or salt of previous embodiment 1 or 2 
wherein L is O. 

6. The compound or salt of previous embodiment 1 or 2 
wherein L is NHCONH, NHCO, or CONH, preferably 
NHCONH. 

7. The compound or salt of any of the previous embodiments 
1-6 wherein R is hydrogen, methyl, fluoro, or trifluorom 
ethyl, preferably hydrogen. 

8. The compound or salt of any of the previous embodiments 
1-7 wherein RandR are independently hydrogen, alkyl, 
alkoxy, cyano, halo, haloalkylorhaloalkoxy; preferably R 
and Rare independently hydrogen, methyl, fluoro, meth 
oxy, chloro, trifluoromethyl, or trifluoromethoxy. Prefer 
ably, Rand Rare independently hydrogen or fluoro. 

9. The compound or salt of any of the previous embodiments 
1-8 wherein RandR are independently hydrogen, alkyl, 
alkoxy, halo, haloalkyl, haloalkoxy, or cyano. Preferably, 
Rand Rare independently hydrogen, methyl, methoxy, 
fluoro, chloro, trifluoromethyl, trifluoromethoxy, or cyano. 

10. The compound or salt of any of the previous embodiments 
1-9 wherein: 
R is hydrogen, alkyl, alkoxy, halo, haloalkyl, haloalkoxy, 

or cyano. Preferably, R is hydrogen, methyl, methoxy, 
fluoro, chloro, trifluoromethyl, trifluoromethoxy, or cyano; 

R" is Z-(EWG)-C(CN)—CHR where Z is bond, NR 
(where R is hydrogen or alkyl). —O—, S, SO, SO, alkylene, 
cycloalkylene, heteroalkylene, aryl or heteroaryl, 
EWG is an electron withdrawing group, and R is alkyl, 

haloalkoxy, substituted alkyl, cycloalkyl, cycloalkyleneNR 
R where R and R are independently hydrogen, alkyl, or 
cycloalkyl: 

and L is O. 
11. The compound or salt of any of the previous embodiments 

1-9 wherein: 
R" is hydrogen, alkyl, alkoxy, halo, haloalkyl, haloalkoxy, 

or cyano. Preferably, R is hydrogen, methyl, methoxy, 
fluoro, chloro, trifluoromethyl, trifluoromethoxy, or cyano; 
R is Z-(EWG)-C(CN)—CHR where Z is bond, NR 

(where R is hydrogen or alkyl). —O—, S, SO, SO, alkylene, 
cycloalkylene, aryl, heteroaryl, or heteroalkylene, 
EWG is an electron withdrawing group, and R is alkyl, 

haloalkoxy, substituted alkyl, cycloalkyl, cycloalkyleneNR 
R where R and R are independently hydrogen, alkyl, or 
cycloalkyl; 

and L is NHCONH, NHCO or CONN. 
12. The compound or salt of any of the previous embodiments 

1-11 wherein Z is bond, NR", O, or methylene and EWG is 
—CH(haloalkyl)-, - NR' , —S(O), —S(O), —CO , 
NR'CO NR'SO - PO(OR") , 

Ac/ /o/ 
heteroaryl, or aryl; wherein each R" is independently 
hydrogen, alkyl, Substituted alkyl, or cycloalkyl, ring A is 
heterocycloamino where the carbonyl and Sulfonyl groups 
are attached to C(CN)—CHR in the definition of R' and 
R in compound of Formula (I); and heterocycloamino, 
aryl and heteroaryl are substituted with one, two or three 
Substituents independently selected from hydrogen, alkyl, 
alkoxy, hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, 
alkylthio, alkylsulfonyl, carboxy, alkoxycarbonyl, ami 
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nocarbonyl or aminosulfonyl, preferably hydrogen, 
alkoxy, alkyl, cyano, nitro, halo, alkylsulfonyl, haloalkyl, 
or haloalkoxy 

13. The compound or salt of any of the previous embodiments 
1-12 wherein EWG is aryl or heteroaryl, preferably, EWG 
is selected from: 
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each substituted with one, two or three substituents inde 
pendently selected from hydrogen, alkyl, alkoxy, 
hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, alky 
lthio, alkylsulfonyl, carboxy, alkoxycarbonyl, aminocar 
bonyl or aminosulfonyl. Preferably when EWG is het 
eroaryl wherein heteroaryl ring is six membered ring 
shown above, then Z is a bond, O, or NR", preferably a 
bond. 

symbol denotes point of attachment of the ring to —Z— when 
Z is other than bond and directly to the rest of the molecule 
when Z is a bond and 

is bond attaching the ring to -CH=C(R)(EWG). 
14. The compound or salt of any of the previous embodiments 

1-12 wherein—Z-EWG- is selected from: 

Y - V -/ 
M 

M 

i Cy C. SX- NS/ - S. 

Z N 
\ 

i C. S f S--' (-e 
M 

' ' '. NX 2x- N-X- 
w W * 
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-continued 

each substituted with one, two or three substituents inde 
pendently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
cyano, nitro, halo, haloalkyl, haloalkoxy, alkylthio, alkylsul 
fonyl, carboxy, alkoxycarbonyl, aminocarbonyl oraminosul 
fonyl. 

Preferably, —Z-EWG- is selected from: phenyl, 2-, 3-, or 
4-pyridyl substituted as above. 
15. The compound or salt of any of the previous embodiments 

1-12 wherein Z is bond, NR", O, or methylene and EWG is 

O O2 

-S 
N s A N 

A 

where ring A is heterocycloamino where the carbonyl and 
sulfonyl groups are attached to —C(CN)—CHR in the 
definition of R' and R in compound of Formula (I); and 
heterocycloamino is substituted with one or two substitu 
ents independently selected from hydrogen, alkyl, alkoxy, 
hydroxyl, cyano, nitro, halo, haloalkyl, haloalkoxy, alky 
lthio, alkylsulfonyl, carboxy, alkoxycarbonyl, aminocar 
bonyl or aminosulfonyl. Preferably, ring A is pyrrolidinyl, 
piperidinyl, or piperazinyl optionally Substituted with 
methyl, or fluoro. Preferably, Z is a bond, methylene, or O. 
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Preferably, -Z-EWG- is: 

Öly 3, 
16. The compound or salt of any of the previous embodiments 

1-8 and 11 wherein R' is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano. Preferably, R is hydro 
gen, methyl, methoxy, fluoro, chloro, trifluoromethyl, tri 
fluoromethoxy, or cyano; 
R is Z-(EWG)-C(CN)=CHR where Z is bond and 

EWG bond, and R is alkyl, haloalkoxy, substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' where R and R are inde 
pendently hydrogen, alkyl, or cycloalkyl; 

and L is NHCONH, NHCO or CONH; and 
when Ar is an electron deficient at System. 

17. The compound or salt of any of the previous embodiments 
1-12 wherein Z is bond, or alkylene and EWG 
NRCO NRSO, . Preferably, EWG is 
NHCO 

18. The compound or salt of any of the previous embodiments 
1-17 wherein R is tert-butyl, isopropyl, cyclopropyl, trif 
luoromethyl, 2.2.2-trifluoroethyl, 2-methyl-2-methylami 
noethyl, 2-methyl-2-dimethylaminoethyl, or 1-methy 
laminocycloprop-1-ylene, or 1-dimethylaminocycloprop 
1-ylene. 

19. The compound or salt of any of the previous embodiments 
1-18 wherein the 

group is attached at the 4-position of the phenyl ring, the 
carbon atom of the phenyl ring attached to 

being carbon 1. 
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20. The compound or salt of any of the previous embodiments 

1-19 wherein 

is phenyl. 
21. The compound or salt of the previous embodiment 20 

wherein when R' is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, then the phenyl ring is 
Substituted at meta or para, preferably meta position with 
R, and R is ortho or para to R. 

22. The compound or salt of any of the previous embodiments 
1-19 wherein R' is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, Ar is heteroaryl, prefer 
ably pyridyl substituted with Rat carbon adjacent to ring 
nitrogen in the pyridyl ring. 

23. The compound or salt of any of the previous embodiments 
1-19 wherein R is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, preferably, Ar is phenyl 
substituted at meta and/or para with R or R' which are 
preferably chloro or trifluoromethyl, the carbonatom of Ar 
attached to phenyl being position 1. 

24. The compound or salt of any of the previous embodiments 
1-19 wherein R is hydrogen, alkyl, alkoxy, halo, 
haloalkyl, haloalkoxy, or cyano, Ar is heteroaryl, prefer 
ably pyridyl or pyrimidinyl optionally substituted with 
R-R7. 

25. The compound or salt of the previous embodiment 1 
wherein the compound of Formula (I) has the structure: 

(Ia) 

O 
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-continued 

(Ib) 
R 

p-\ jR 

wherein: 

R is hydrogen or alkyl; 
R and R are independently hydrogen, alkyl, haloalkyl, 

fluoro or chloro; 
Rand Rare independently hydrogen or fluoro; 
Z is a bond, alkylene, or alkylene-O- wherein —O— is 

connected to EWG: 

EWG is CO - NRCO - NR'SO , 

—SO - or a five membered heteroaryl ring where R' is 
hydrogen or alkyl and ring A is 2-pyrrolidinyl or 3-piperidi 
nyl, each ring optionally substituted with one or two alkyl 
provided that that (i) when Z is a bond then EWG is 3-pip 
eridinylcarbonyl optionally substituted with one or two alkyl: 
(ii) when Z is alkylene-O then EWG is —CO and (iii) 
when Z is alkylene, then ring A is not 3-piperidinylcarbonyl 
optionally substituted with one or two alkyl; and 

R is cycloalkyl, alkyl, or substituted alkyl; provided that: 
when Z is 

then at least one of R. R. RandR is hydrogen. 
26. The compound or salt of the previous embodiment 25 

wherein the compound of Formula (I) has structure (Ia). 
27. The compound of the previous embodiment 25 wherein 

the compound of Formula (I) has structure (Ib). 

154 
28. The compound or salt of any of the previous embodiments 

25-27 wherein: 

y 
NJR 

10 

is a ring of formula: 

15 
F F 

F 

2O 

F 

F F F 

F 

F. 
30 

3S 29. The compound or salt of any of the previous embodiments 
25-27 wherein: 

6 
40 R 

y 
N i-R7 

45 

is a ring of formula: 

50 F F F 
F 

s O 

55 

F F 

30. The compound or salt of any of the previous embodiments 
60 25, 27, 28 and 29 wherein R is hydrogen or alkyl, prefer 

ably hydrogen or methyl, more preferably hydrogen; and 
Rand Rare independently hydrogen, methyl, ethyl, tri 

fluoromethyl, fluoro or chloro. 
65 31. The compound or salt of any of the previous embodiments 

25, 27, 28 and 29 wherein R is hydrogen or alkyl, prefer 
ably hydrogen or methyl, more preferably hydrogen; and 
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is a ring of formula: 

15 

25 

where R is methyl, ethyl, chloro, fluoro or trifluoromethyl, 
preferably methyl, ethyl, chloro or fluoro, more preferably, 
methyl, ethyl, or chloro, even more preferably chloro or 
fluoro, particularly preferably fluoro. 30 

32. The compound or salt of any of the previous embodiments 
25, 27, 28 and 29 wherein R is hydrogen or alkyl, prefer 
ably hydrogen or methyl, more preferably hydrogen; and 35 

40 
4 

5 

RNI N 
6 I -R4 

le 
2 

45 

is a ring of formula 
50 

O 
R3 

5 55 

60 

where R is alkyl or halo, preferably methyl, chloro or 
fluoro. 

32. The compound or salt of any of the previous embodiments 65 
25, 27, 28 and 29 wherein R is hydrogen or alkyl, prefer 
ably hydrogen or methyl, more preferably hydrogen; and 

156 

is a ring of formula 

F 
2 2 2 

F F 

F F 
2 2 2 

p. p. p. 

F 

2 2 
C1 or Cl; preferably, 

F F 

2 2 2 
F F C or 
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p 
Cl 

33. The compound or salt of any of the previous embodiments 
25-32 wherein: 

Z is a alkylene, or alkylene-O- wherein —O— is con 
nected to EWG: 
EWG is CO-, - NR'CO ,-NR'SO, , or -SO, 

where R' is hydrogen or alkyl, preferably hydrogen or methyl. 
34. The compound or salt of any of the previous embodiments 

25-32 wherein –Z-EWG- is -(alkylene)-NR'CO , 
-(alkylene)-NR'SO. , -(alkylene)-OCO , or -(alky 
lene)-SO wherein Z is ethylene. —C(CH)—CH2—, or 
—CH C(CH) and EWG is NHCO. , N(CH) 
CO—, NHSO. , N(CH)SO. , —SO , or 
- OCO . 

34. The compound or salt of any of the previous embodiments 
25-32 wherein Z is ethylene. —C(CH)—CH2—, or 
—CH C(CH), and EWG is NHCO-, - N(CH) 
CO— —NHSO , or—N(CH)SO even more pref 
erably, EWG is NHCO . 

35. The compound or salt of any of the previous embodiments 
25-32 wherein Z is a bond or alkylene; and 
EWG is 

where ring A is pyrrolidinyl or piperidinyl optionally Substi 
tuted with one or two alkyl, preferably methyl. 
36. The compound or salt of the previous embodiment 35 
wherein—Z-EWG- is 2(R)-piperidin-1-carbonyl. 

37. The compound or salt of the previous embodiment 35 
wherein —Z-EWG- is 2-CH-pyrrolidin-1-ylcarbonyl, 
2-CH(CH)-pyrrolidin-1-ylcarbonyl: 2-CH-3,3-dimeth 
ylpyrrolidin-1-ylcarbonyl or 2-CH-4,4-dimethylpyrroli 
din-1-ylcarbonyl, preferably 2-CH-pyrrolidin-1-ylcarbo 
nyl, the C-2 carbon of the pyrrolidin-1-yl ring substituted 
with CH, having R stereochemistry. 

38. The compound or salt of any of the previous embodiments 
25-32 wherein Z is alkylene; and EWG is a five membered 
heteroaryl ring, preferably Z is methylene, ethylene, 
—C(CH) CH , or —CH2—C(CH)— and Z is 
oxazolyl, more preferably – Z-EWG- is 2-C(CN)—CR 
oxazol-5-yl. 

39. The compound or salt of any of the previous embodiments 
25-38 wherein R is cycloalkyl, alkyl, or substituted alkyl, 
preferably, R is isopropyl, tert-butyl or 1-dimethylamino 
1-methylethyl, more preferably R is cyclopropyl. 
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40. A compound of Formula (Ic) or a pharmaceutically 

acceptable salt thereof: 

(Ic) 

wherein: 

R and R are independently hydrogen, alkyl, haloalkyl, 
fluoro or chloro; 
RandR are independently hydrogen or fluoro; 
Z-EWG is: 

each ring optionally substituted with one or two Substituents 
selected from alkyl, fluoro, or hydroxy; and 
R is cycloalkyl, alkyl, substituted alkyl, cycloalkyleneN 

RR or cycloalkylene(alkylene)NR'R' (where RandR are 
independently hydrogen, alkyl, or cycloalkyl), or 3 to 6 mem 
bered saturated monocyclic heterocyclyl containing one or 
two heteroatoms selected from N, O, or S and optionally 
substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro; 

provided that at least one of R. R. R and R is not 
hydrogen, preferably one of RandR is not hydrogen. 
41. The compound or salt of the previous embodiment 40 

wherein: 

R6 

y 
NJR 
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is a ring of formula: 45. The compound of any of the embodiments 40-44 wherein: 
Rand Rare independently hydrogen, methyl, ethyl, tri 

fluoromethyl, fluoro or chloro. 
46. The compound or salt of any of the previous embodiments 

5 40-44 wherein: 

F 10 O 
F F 

F 5 

R3-1 N 
s s O 6 f -R4 

le 
2 

15 

F 

F. 

is a ring of formula: 
2O 

42. The compound or salt of the previous embodiment 40 
wherein: O 

25 

30 

is a ring of formula: phenyl, where R is fluoro. 
47. The compound or salt of any of the previous embodiments 

40-46 wherein: 
35 F F - . 

F F Z-EWG S: 

s O 

A. O 

40 F ly 
? N 

F F F 

43. The compound or salt of the previous embodiment 40 
wherein: optionally substituted with one or two substituents selected 

from alkyl, fluoro, or hydroxy. Preferably, —Z-EWG- is 

y 50 

is phenyl. 55 
44. The compound or salt of the previous embodiment 40 where the stereochemistry at C is (R). Preferably, —Z- 

wherein: EWG-1S 

R6 F F 60 O 

y s: -sy 
N i-R7 is p 

65 

where the stereochemistry at C is (S). 
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48. The compound or salt of any of the previous embodiments Preferably, -Z-EWG- is 
40-46 wherein: 

Z-EWG is: • 

1s, 
10 a 

O 

O 

ly 15 y 

2O O 

25 

preferably 

30 

where the stereochemistry at C is (S). 
50. The compound or salt of any of the previous embodiments 

3s 40-49 wherein R is cycloalkyl, preferably cyclopropyl. 
51. The compound or salt of any of the previous embodiments 

40-49 wherein R is alkyl, preferably isopropyl or tert 
butyl, more preferably isopropyl. 

52. The compound or salt of any of the previous embodiments 
40 40-49 wherein R is substituted alkyl, preferably, alkyl 

substituted with alkoxy or NRR' (where R is hydrogen, 
alkyl, alkoxyalkyl or cycloalkyl and R' is hydrogen or 
alkyl), or heterocyclicyl which is optionally substituted 
with one or two groups independently selected from alkyl). 
more preferably R is C(CH4). NH2, C(CH), ferabl 

preferably NHCH, C(CH)N(CH), —C(CH)NHCHCH 
—C(CH)NHCH(CH), —C(CH)NHcyclopropyl, 
—C(CH)NH(CH)OCH, —C(CH)OCHCH 
—C(CH-)morpholine-4-yl, even more preferably 

50 –C(CH), NH. 
where the stereochemistry at C is (RS), (R) or (S), more 53. The compound or salt of any of the previous embodiments 
preferably (R). 40-49 wherein R is cycloalkylene(alkylene)-NR'R'' 

d 8 49. The compound or salt of any of the previous embodiments (where R and R are independently hydrogen, alkyl, or 
40-46 wherein: 55 cycloalkyl), preferably 

Z-EWG is: 
?' NRdRe 

60 ln 

where n is 1-3, R is hydrogen, methyl or ethyl, and R is 
hydrogen, methyl, ethyl, or isopropyl. 

65 54. The compound or salt of any of the previous embodiments 
40-49 wherein R is cycloalkyleneNR'R' (where RandR 
are independently hydrogen, or alkyl), preferably 
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where R is hydrogen, methyl, ethyl or isopropyl. 
55. The compound or salt of any of the previous embodiments 

40-49 wherein R is 3 to 6 membered saturated monocyclic 
heterocyclyl containing one or two heteroatoms selected 
from N, O, or S and optionally substituted with one or two 
substituents selected from hydroxy, alkyl or fluoro: prefer 
ably pyrrolidinyl, piperidinyl, tetrahydrofuranyl, or tet 
rahydropyranyl, more preferably 2-pyrrolidinyl, 3- or 4-pi 
peridinyl, 1-methylpiperidin-4-yl, 1-methylpiperidin-3-yl, 
or 4-tetrahydropyranyl. 

56. A compound of Formula (Id) or a pharmaceutically 
acceptable salt thereof: 

(Id) 

wherein: 

Z is N— or CR where R is hydrogen or alkyl: 
R and R are independently hydrogen, methyl, chloro, 

fluoro, cyclopropyl, hydroxy, methoxy, cyano, trifluorom 
ethyl or trifluoromethoxy; 

Rand Rare independently hydrogen, methyl, methoxy, 
fluoro, chloro, trifluoromethyl, trifluoromethoxy, or cyano; 

Z-EWG- -(alkylene)-NR'CO , -(alkylene)- 
NR'SO , 

each ring optionally substituted with one or two Substituents 

is 

independently selected from alkyl, hydroxy, or halo, (prefer- 6.5 CH-OH, 
ably alkyl or halo), and the carbonyl and Sulfonyl group in 
-(alkylene)-NR'CO , -(alkylene)-NR'SO , 

5 
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is attached to —C(CN)—CHR; and each R" is independently 
hydrogen or alkyl; and 
R is alkyl, haloalkoxy, substituted alkyl, cycloalkyl, 

cycloalkyleneNR'R' or cycloalkylene(alkylene)NR'R'' 
(where R and R are independently hydrogen, alkyl, or 
cycloalkyl), or 3 to 6 membered saturated monocyclic het 
erocyclyl containing one or two heteroatoms selected from N. 
O, or S and optionally substituted with one or two substituents 
selected from hydroxy, alkyl or fluoro: provided that: (a) 
when 

RC 

is: 

O 

NH 

N1 N Y. 
4. N^ 

W RC 
ANEWG 

le 

then (i) when R is cyclopropyl, tert-butyl, —C(CH) 
—C(CH)N(CH), cyclopentyl, isopropyl. 

—C(CH)OCHCH, or azetidin-3-yl, then —Z-EWG- is 
not 

  

  



and (ii) when R is cyclopropyl then —Z-EWG- is not 

where the stereochemistry at C is (R); (b) when 

is: 

165 

/c/ 
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where R is cyclopropyl or tert-butyl, then —Z-EWG- is not 

or (c) the compound of Formula (I) is not 2-(3-(4-amino-5- 
(4-phenoxyphenyl)-7H-pyrrolo2,3-dipyrimidin-7-yl)pip 
eridine-1-carbonyl)-3-cyclopropylacrylonitrile; or a pharma 
ceutically acceptable salt thereof. 
57. The compound or salt of the previous embodiment 56 

wherein: 
R is alkyl, haloalkoxy, substituted alkyl, cycloalkyl, 

cycloalkyleneNR'R' where R and R are independently 
hydrogen, alkyl, or cycloalkyl or 3 to 6 membered saturated 
monocyclic heterocyclyl containing one or two heteroatoms 
selected from N, O, or S and optionally substituted with one 
or two substituents selected from hydroxy, alkyl or fluoro; and 

ry, ry, Nulls su 
Y' ' 

58. The compound or salt of the previous embodiment 56 
wherein R is alkyl, haloalkoxy, substituted alkyl, 
cycloalkyl, cycloalkyleneNR'R' where RandR are inde 
pendently hydrogen, alkyl, or cycloalkyl or 3 to 6 mem 
bered saturated monocyclic heterocyclyl containing one or 
two heteroatoms selected from N, O, or S and optionally 
substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro; and 

NH2 NH2 

ry, ry sus, sul 
\", \" 

59. The compound or salt of any of the previous embodiments 
56-58 wherein: 
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is a ring of formula: is a ring of formula 

p 5 p 
10 

60. The compound or salt of any of the previous embodiments 15 62. The compound or salt of any of the previous embodiments 
56-58 wherein: 56-58 wherein: 

4 25 3 5 Sg Y, 
6 2 R' 

30 is a ring of formula: 

35 p 
is a ring of formula 

40 y 
and 

45 is a ring of formula: 

F F 
F 

where R is methyl, ethyl, chloro, fluoro, cyclopropyl, 50 
hydroxy, methoxy, trifluoromethyl or trifluoromethoxy. 

61. The compound or salt of any of the previous embodiments 
56-58 wherein: s s s 

55 

60 F O 

65 
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63. The compound or salt of any of the previous embodiments 64. The compound or salt of any of the previous embodiments 
56-58 wherein: 56-58 wherein: 

4 5 

RNT N 3 10 R4 N 3 
6 R4 6 -R4 
e 

5 

s 

15 

is a ring of formula is a ring of formula 

2O 

O p 6 
4 and R 

RNI N 3 
I s 6 R7 le 25 N I 

2 
R3 F 

where R is methyl, ethyl, chloro, fluoro, cyclopropyl, 30 is a ring of formula: 
hydroxy, methoxy, trifluoromethyl or trifluoromethoxy: 
and 

F 
F F 

35 
R6 

y 
N i-R7 

40 F 

F F 
F 

45 
F 

F F 

s s s F, s O 

50 F. 

F 

55 F F 
F 65. The compound or salt of the previous embodiment 62 

\O wherein: 
F, s O 60 R6 

F y 
NJR 

e y 

is a ring of formula: 

65 
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is a ring of formula: 

66. The compound or salt of the previous embodiment 63 
wherein: 

R6 

y 

is a ring of formula: phenyl or 

67. The compound or salt of the previous embodiment 64 
wherein: 

R6 

y 

is a ring of formula: phenyl or 

68. The compound or salt of any of the previous embodiments 
56-60 and 62 wherein: 
- Z-EWG- is 

(S) 
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optionally substituted with one or two substituents indepen 
dently selected from alkyl, hydroxy, or halo (preferably alkyl 
or halo, more preferably is unsubstituted); and 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where Rand 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where R is alkyl, cycloalkyl, 
hydroxyalkyl, or alkoxyalkyl and R' is alkyl) or heterocy 
cloamino which is optionally substituted with one or two 
groups independently selected from alkyl or hydroxyl, or 3 to 
6 membered Saturated monocyclic heterocyclyl containing 
one or two heteroatoms selected from N, O, or S and option 
ally substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro. Preferably, R is alkyl substituted 
with heterocycloamino which is optionally substituted with 
one or two groups independently selected from alkyl or 
hydroxyl. 
69. The compound or salt of the previous embodiment 68 

wherein R is isopropyl, tert-butyl, —C(CH)OCHCH 
—C(CH)N(CH), —C(CH-)-morpholine-4-yl, cyclo 
propyl, 2-pyrrolidinyl, 3- or 4-piperidinyl, 1-methylpiperi 
din-4-yl, 1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. 
Preferably, R is —C(CH)-morpholine-4-yl, 2-pyrrolidi 
nyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 1-meth 
ylpiperidin-3-yl, or 4-tetrahydropyranyl. 

70. The compound or salt of any of the previous embodiments 
63, 65 and 66 wherein: 
- Z-EWG- is 

(S) 

optionally substituted with one or two substituents indepen 
dently selected from alkyl, hydroxy, or halo (preferably alkyl 
or halo, more preferably is unsubstituted); and 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where R and 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where R is alkyl, cycloalkyl, 
hydroxyalkyl, or alkoxyalkyl and R' is alkyl) or heterocy 
cloamino which is optionally substituted with one or two 
groups independently selected from alkyl or hydroxyl, or 3 to 
6 membered Saturated monocyclic heterocyclyl containing 
one or two heteroatoms selected from N, O, or S and option 
ally substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro. 
71. The compound or salt of the previous embodiment 70 

wherein R is isopropyl, tert-butyl, —C(CH)OCHCH 
—C(CH)N(CH), —C(CH-)-morpholine-4-yl, cyclo 
propyl, 2-pyrrolidinyl, 3- or 4-piperidinyl, 1-methylpiperi 
din-4-yl, 1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. 
Preferably, R is —C(CH)-morpholine-4-yl, 2-pyrrolidi 
nyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 1-meth 
ylpiperidin-3-yl, or 4-tetrahydropyranyl. 

72. The compound or salt of the previous embodiment 69 and 
71 where R is isopropyl, tert-butyl, —C(CH)-morpho 
line-4-yl, cyclopropyl. 2-pyrrolidinyl, 3- or 4-piperidinyl, 
1-methylpiperidin-4-yl, 1-methylpiperidin-3-yl, or 4-tet 
rahydropyranyl. Preferably, R is —C(CH)-morpholine 
4-yl, 2-pyrrolidinyl, 3- or 4-piperidinyl, 1-methylpiperi 
din-4-yl, 1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. 
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73. The compound or salt of any of the previous embodiments 
61, 64 and 67 wherein: 
- Z-EWG- is 

optionally substituted with one or two substituents indepen 
dently selected from alkyl, hydroxy, or halo (preferably alkyl 
or halo, more preferably is unsubstituted); and 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where R' and 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where each R is alkyl, 
cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R' is alkyl) or 
heterocycloamino which is optionally substituted with one or 
two groups independently selected from alkyl or hydroxyl, or 
3 to 6 membered saturated monocyclic heterocyclyl contain 
ing one or two heteroatoms selected from N, O, or S and 
optionally substituted with one or two substituents selected 
from hydroxy, alkyl or fluoro. 
74. The compound or salt of thye previous embodiment 73 

wherein R is isopropyl, tert-butyl, —C(CH)OCHCH 
—C(CH)N(CH), —C(CH-)morpholine-4-yl, cyclo 
propyl. 2-pyrrolidinyl, 3- or 4-piperidinyl, 1-methylpiperi 
din-4-yl, 1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. 
Preferably, R is —C(CH)-morpholine-4-yl, 2-pyrrolidi 
nyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 1-meth 
ylpiperidin-3-yl, or 4-tetrahydropyranyl. 

75. The compound or salt of any of the previous embodiments 
60 and 62 wherein: 

- Z-EWG- is 

O 
(R) 

N 

optionally substituted with one or two substituents indepen 
dently selected from alkyl, hydroxy, or halo (preferably alkyl 
or halo, more preferably is unsubstituted); and 
R is alkyl substituted with - NRR' (where each R is 

hydrogen, alkyl, cycloalkyl, hydroxyalkyl, or alkoxyalkyl 
and R' is hydrogen) or heterocycloamino which is attached to 
alkyl via nitrogen ring atom and which is optionally Substi 
tuted with one or two groups independently selected from 
alkyl or hydroxyl. 
76. The compound or salt of the previous embodiment 75 

wherein R is —C(CH)NH2. —C(CH)NHCH 
—C(CH)NHCHCH —C(CH)NHCH(CH), 
—C(CH)NHcyclopropyl. —C(CH)NH(CH2)2OCH, 
or —C(CH-)-morpholine-4-yl. 
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77. The compound or salt of any of the previous embodiments 

63, 65 and 66 wherein: 
- Z-EWG- is 

O 
(R) 

N 

optionally substituted with one or two substituents indepen 
dently selected from alkyl, hydroxy, or halo (preferably alkyl 
or halo, more preferably is unsubstituted); and 
R is alkyl substituted with - NRR' (where each R is 

hydrogen, alkyl, cycloalkyl, hydroxyalkyl, or alkoxyalkyl 
and R' is hydrogen) or heterocycloamino which is attached to 
alkyl via nitrogen ring atom which is optionally Substituted 
with one or two groups independently selected from alkyl or 
hydroxyl. 
78. The compound or salt of the previous embodiment 77 

wherein R is —C(CH), NH, —C(CH)NHCH 
—C(CH)NHCHCH —C(CH)NHCH(CH), 
—C(CH)NHcyclopropyl. —C(CH)NH(CH)OCH, 
or —C(CH-)morpholine-4-yl. 

79. The compound or salt of any of the previous embodiments 
61, 64 and 67 wherein: 
- Z-EWG- is 

O 
(R) 

N 

optionally substituted with one or two substituents indepen 
dently selected from alkyl, hydroxy, or halo (preferably alkyl 
or halo, more preferably is unsubstituted); and 
R is alkyl substituted with - NRR' (where each R is 

hydrogen, alkyl, cycloalkyl, hydroxyalkyl, or alkoxyalkyl 
and R' is hydrogen) or heterocycloamino which is attached to 
alkyl via nitrogen ring atom and is optionally Substituted with 
one or two groups independently selected from alkyl or 
hydroxyl; and 

the stereochemistry at C is (R). 
80. The compound or salt of the previous embodiment 79 

wherein R is —C(CH), NH, —C(CH)NHCH 
—C(CH)NHCHCH —C(CH)NHCH(CH), 
—C(CH)NHcyclopropyl. —C(CH)NH(CH)OCH, 
or —C(CH-)morpholine-4-yl. 

81. The compound or salt of any of the previous embodiment 
76, 78, or 80 wherein R is C(CH)NH2 or -C(CH) 
morpholine-4-yl. 

82. The compound or salt of any of the previous embodiments 
56-60 and 62 wherein: 
- Z-EWG- is 

(R) 
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which is optionally substituted with one or two substituents 
independently selected from alkyl, hydroxy, or halo (prefer 
ably alkyl or halo, more preferably is unsubstituted); 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where R' and 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where each R is alkyl, 
cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R is hydrogen 
or alkyl) or heterocycloamino which is optionally substituted 
with one or two groups independently selected from alkyl or 
hydroxyl, or 3 to 6 membered saturated monocyclic hetero 
cyclyl containing one or two heteroatoms selected from N, O, 
or S and optionally substituted with one or two substituents 
selected from hydroxy, alkyl or fluoro. 
83. The compound of any of the previous embodiments 63, 65 

and 70 wherein: 
- Z-EWG- is Z-EWG- is 

(R) 

which is optionally substituted with one or two substituents 
independently selected from alkyl, hydroxy, or halo (prefer 
ably alkyl or halo, more preferably is unsubstituted); 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where R and 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where each R is alkyl, 
cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R' is hydrogen 
or alkyl) or heterocycloamino which is optionally substituted 
with one or two groups independently selected from alkyl or 
hydroxyl, or 3 to 6 membered saturated monocyclic hetero 
cyclyl containing one or two heteroatoms selected from N, O, 
or S and optionally substituted with one or two substituents 
selected from hydroxy, alkyl or fluoro. 
84. The compound or salt of any of the previous embodiments 

61, 64 and 67 wherein: 
- Z-EWG- is Z-EWG- is 

(R) 

which is optionally substituted with one or two substituents 
independently selected from hydrogen, alkyl, hydroxy, or 
halo (preferably alkyl or halo, more preferably is unsubsti 
tuted); 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where R and 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where each R is alkyl, 
cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R is hydrogen 
or alkyl) or heterocycloamino which is optionally substituted 
with one or two groups independently selected from alkyl or 
hydroxyl, or 3 to 6 membered saturated monocyclic hetero 
cyclyl containing one or two heteroatoms selected from N, O, 
or S and optionally substituted with one or two substituents 
selected from hydroxy, alkyl or fluoro. 
85. The compound or salt of the previous embodiment 83 

wherein R is isopropyl, tert-butyl, —C(CH)NH2, 
—C(CH)NHCH, —C(CH)NHCHCH. —C(CH) 
NHCH (CH), —C(CH)NHcyclopropyl. —C(CH) 
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NH(CH)OCH, C(CH)OCHCH, C(CH)N 
(CH), —C(CH-)morpholine-4-yl, cyclopropyl, 2-pyr 
rolidinyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 
1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. Prefer 
ably, R is isopropyl or —C(CH-)morpholine-4-yl. 

86. The compound or salt of the previous embodiment 84 
wherein R is isopropyl, tert-butyl, —C(CH)NH2, 
—C(CH)NHCH, —C(CH)NHCHCH. —C(CH), 
NHCH(CH), —C(CH)NHcyclopropyl. —C(CH) 
NH(CH)OCH, C(CH)OCHCH, C(CH)N 
(CH), —C(CH-)morpholine-4-yl, cyclopropyl, 2-pyr 
rolidinyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 
1-methylpiperidin-3-yl, or 4-tetrahydropyranyl. Prefer 
ably, R is isopropyl or —C(CH-)morpholine-4-yl. 

87. The compound or salt of any of the previous embodiments 
56-60 and 62 wherein: 
-Z-EWG-is-CH*CH(CH)NHCO where the stere 

ochemistry at C is (S), RS or (R); and 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where Rand 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where R is alkyl, cycloalkyl, 
hydroxyalkyl, or alkoxyalkyl and R' is alkyl) or heterocy 
cloamino which is optionally substituted with one or two 
groups independently selected from alkyl or hydroxyl, or 3 to 
6 membered Saturated monocyclic heterocyclyl containing 
one or two heteroatoms selected from N, O, or S and option 
ally substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro. 
88. The compound or salt of any of the previous embodiments 

63, 65 and 66 wherein: 
-Z-EWG-is-CH*CH(CH)NHCO where the stere 

ochemistry at C is (S), RS or (R); and 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where Rand 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where R is alkyl, cycloalkyl, 
hydroxyalkyl, or alkoxyalkyl and R' is alkyl) or heterocy 
cloamino which is optionally substituted with one or two 
groups independently selected from alkyl or hydroxyl, or 3 to 
6 membered Saturated monocyclic heterocyclyl containing 
one or two heteroatoms selected from N, O, or S and option 
ally substituted with one or two substituents selected from 
hydroxy, alkyl or fluoro. 
89. The compound or salt of any of the previous embodiments 

61, 64 and 67 wherein: 
—Z-EWG-is-CH*CH(CH)NHCO where the stere 

ochemistry at C is (S), RS or (R); and 
R is alkyl, cycloalkyl, cycloalkyleneNR'R' (where Rand 

R are independently hydrogen or alkyl), alkyl substituted 
with hydroxy, alkoxy, —NRR' (where each R is alkyl, 
cycloalkyl, hydroxyalkyl, or alkoxyalkyl and R' is alkyl) or 
heterocycloamino which is optionally substituted with one or 
two groups independently selected from alkyl or hydroxyl, or 
3 to 6 membered saturated monocyclic heterocyclyl contain 
ing one or two heteroatoms selected from N, O, or S and 
optionally substituted with one or two substituents selected 
from hydroxy, alkyl or fluoro. 
90. The compound or salt of any of the previous embodiments 

87-89 wherein R is isopropyl, tert-butyl, —C(CH) 
OCHCH. —C(CH)N(CH), cyclopropyl, 2-pyrrolidi 
nyl, 3- or 4-piperidinyl, 1-methylpiperidin-4-yl, 1-meth 
ylpiperidin-3-yl, or 4-tetrahydropyranyl. —C(CH)NH2, 
—C(CH)NHCH. —C(CH)NHCHCH. —C(CH) 
NHCH(CH), —C(CH)NHcyclopropyl. —C(CH) 
NH(CH)OCH, or —C(CH)-morpholine-4-yl. 
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91. The compound or salt of the previous embodiment 90 
wherein: 
R is isopropyl, tert-butyl, cyclopropyl. —C(CH)NH2, 

—C(CH)NHCH, —C(CH)NHCHCH. —C(CH) 
NHCH(CH), —C(CH)NHcyclopropyl, —C(CH)NH 
(CH2)2OCH, or—C(CH-)morpholine-4-yl. 
92. A compound selected from the group: 
(S)-2-(2-((4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H-pyra 

Zolo 3,4-dpyrimidin-1-yl)methyl)pyrrolidine-1-carbo 
nyl)-3-cyclopropylacrylonitrile; 

(R)-4-amino-2-(2-((4-amino-3-(2-fluoro-4-phenoxyphe 
nyl)-1H-pyrazolo 3,4-dipyrimidin-1-yl)methyl)pyrroli 
dine-1-carbonyl)-4-methylpent-2-enenitrile; 

(R)-4-amino-2-(2-((4-amino-3-(4-(2,3-difluorophenoxy)-2- 
fluorophenyl)-1H-pyrazolo 3,4-dpyrimidin-1-yl)methyl) 
pyrrolidine-1-carbonyl)-4-methylpent-2-enenitrile; 

(S)-2-(2-((4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H-pyra 
Zolo 3,4-dpyrimidin-1-yl)methyl)pyrrolidine-1-carbo 
nyl)-4-methyl-4-morpholinopent-2-enenitrile; 

(R)-2-(2-((4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H 
pyrazolo 3,4-dipyrimidin-1-yl)methyl)pyrrolidine-1-car 
bonyl)-4-methyl-4-morpholinopent-2-enenitrile; 

(R)-2-(3-(4-amino-3-(4-(2,3-difluorophenoxy)-2-fluorophe 
nyl)-1H-pyrazolo 3,4-dipyrimidin-1-yl)piperidine-1-car 
bonyl)-4-methylpent-2-enenitrile; 

(R)-2-(3-(4-amino-3-(4-(2,3-difluorophenoxy)-2-fluorophe 
nyl)-1H-pyrazolo 3,4-dipyrimidin-1-yl)piperidine-1-car 
bonyl)-4-ethoxy-4-methylpent-2-enenitrile; 

(R)-2-(3-(4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H-pyra 
Zolo3,4-dipyrimidin-1-yl)piperidine-1-carbonyl)-4- 
ethoxy-4-methylpent-2-enenitrile; 

(R)-2-(3-(4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H-pyra 
Zolo3,4-dipyrimidin-1-yl)piperidine-1-carbonyl)-4.4- 
dimethylpent-2-enenitrile; 

(R)-2-(3-(4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H-pyra 
Zolo3,4-dipyrimidin-1-yl)piperidine-1-carbonyl)-4-me 
thylpent-2-enenitrile; 

(R)-2-(3-(4-amino-3-(2-fluoro-4-phenoxyphenyl)-1H-pyra 
Zolo3,4-dipyrimidin-1-yl)piperidine-1-carbonyl)-4-me 
thyl-4-morpholinopent-2-enenitrile; or 

(R)-2-(3-(4-amino-3-(2,3-difluoro-4-phenoxyphenyl)-1H 
pyrazolo 3,4-dipyrimidin-1-yl)piperidine-1-carbonyl)-4- 
methyl-4-morpholinopent-2-enenitrile; 
or a mixture of R and S isomers: 
or an individual (E) or (Z) isomer thereof; 

or a pharmaceutically acceptable salt thereof. 
93. A pharmaceutical composition comprising a compound 

or salt of any of the embodiments 1-92, and a pharmaceu 
tically acceptable excipient 

94. A method of treating a disease treatable by inhibition of a 
kinase in a patient which method comprises administering 
to the patient in need thereof, a pharmaceutical composi 
tion comprising a compound or salt of any of the embodi 
ments 1-93 and a pharmaceutically acceptable excipient. 

95. The method of embodiment 94 wherein the kinase is 
BTK. 

96. The method of any of the embodiment 94 or 95 wherein 
the disease is an inflammatory disease or cancer and the 
compound or salt of embodiment 1-92 is administered 
optionally in combination with one or more anticancer or 
anti-inflammatory agent. 

97. Compound or salt of any of the embodiments 1-92 for use 
as a medicament, 

98. Compound or salt of embodiment 97 wherein the use is 
for treating a disease treatable by inhibition of a kinase in a 
patient. 
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99. Compound or salt of embodiment 97 or 98 wherein the 

use is treating a disease treatable by inhibition of BTK. 
100. Compound of embodiment 98 or 99 wherein the use is 

treating an inflammatory disease or cancer and the com 
pound of is administered optionally in combination with 
one or more anticancer or anti-inflammatory agent. 

General Synthetic Scheme 

Compounds of this disclosure can be made by the methods 
depicted in the reaction schemes shown below. 
The starting materials and reagents used in preparing these 

compounds are either available from commercial Suppliers 
such as Aldrich Chemical Co., (Milwaukee, Wis.), Bachem 
(Torrance, Calif.), or Sigma (St. Louis, Mo.) or are prepared 
by methods known to those skilled in the art following pro 
cedures set forth in references such as Fieser and Fieser's 
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley 
and Sons, 1991); Rodd's Chemistry of Carbon Compounds, 
Volumes 1-5 and Supplementals (Elsevier Science Publish 
ers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and 
Sons, 1991), March's Advanced Organic Chemistry, (John 
Wiley and Sons, 4th Edition) and Larock’s Comprehensive 
Organic Transformations (VCHPublishers Inc., 1989). These 
schemes are merely illustrative of some methods by which the 
compounds of this disclosure can be synthesized, and various 
modifications to these schemes can be made and will be 
Suggested to one skilled in the art having referred to this 
disclosure. The starting materials and the intermediates, and 
the final products of the reaction may be isolated and purified 
if desired using conventional techniques, including but not 
limited to filtration, distillation, crystallization, chromatog 
raphy and the like. Such materials may be characterized using 
conventional means, including physical constants and spec 
tral data. 

Unless specified to the contrary, the reactions described 
herein take place at atmospheric pressure over a temperature 
range from about -78°C. to about 150° C., more preferably 
from about 0°C. to about 125° C. and most preferably at 
about room (or ambient) temperature, e.g., about 20° C. 
Compounds of Formula (IA), (I) or (I) where Z is nitro 

gen, Z is carbon or nitrogen and Z is carbon Ar, R', R. R. 
R. R. and L, Arare as defined above and R is hydrogen, 
alkyl, hydroxy, alkoxy, halo, haloalkyl, or haloalkoxy can be 
prepared as illustrated and described in Scheme A below. 

Scheme A 

R6 

C-R 
L R5 

a? Y. 
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N N B(OH)2 

Z 

l 2N/ 2 
N H 
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10 

15 

Coupling of an iodo compound of formula 1 where with a 
boronic acid compound of formula 2 or boronate esters 
thereof. Ar., R. R. R. R. R. R. L., and Arare as defined 
above under Suzuki coupling reaction conditions provides a 
compound of formula3. The Suzuki coupling reaction can be 
carried out in organic solvents (such as toluene, benzene, 25 
N,N-dimethylformamide (DMF), tetrahydrofuran, methanol, 
ethanol, acetonitrile, dimethoxyethane, acetone and the like) 
or water in the presence of base (such as sodium ethylate, 
sodium hydroxide, potassium hydroxide, sodium bicarbon- so 
ate, potassium bicarbonate, potassium carbonate, Sodium car 
bonate, triethylamine, and the like) and a palladium catalyst 
(such as tetrakis(triphenylphosphine)palladium, dichlorobis 
(triphenylphosphine)palladium, palladium acetate, and the 
like). The reaction is carried out at room temperature to 120° 
C. Compounds of formula 1 are either commercially avail 
able or can be readily prepared by methods well known in the 
art. 

35 

40 

Treatment of a compound of formula 3 with a compound of 
formula R'-LG where LG is a suitable leaving group such as 
halo, tosylate, meSylate, triflate, and the like provides a com 
pound of Formula (IA), (I) or (I). The alkylation or arylation 45 
reaction is typically carried out in the presence of a base Such 
as Sodium hydride or potassium tert-butoxide, potassium car 
bonate, and the like, and a catalyst Such as 18-crown-6 in a 
suitable solvent such as N-methylpyrolidone, dimethylfor 
mamide, tetrahydrofuran, toluene, and the like. 

50 

It will be recognized by a person skilled in the art that 
precursors to R' group can be substituted at any step in the 55 
synthetic procedure illustrated in Scheme A above and con 
verted to R' group as defined above at alternate stages in the 
synthetic process based on feasibility of the transformations. 
Some such examples are described below: 60 

Substitution of precursors to R' in the synthesis of com 
pounds of Formula (IA), (I) or (I) when R is —Z-(EWG)-C 
(CN)=CHR where Z is a bond or alkylene and EWG is is 
N-carbonylheterocycloamino is illustrated and described in 
Method (a) below. 

Method (a): 

PG 

R1 precursor 

180 
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(I) 

Treatmentofa N-protected heterocycloamino R' precursor 
compound (Suitable nitrogen protecting groups (PG) include 
t-butyloxycarbonyl (BOC), carbobenzyloxy (Cbz), or 2-tri 
methylsilyl-ethoxymethyl (SEM)) bearing an alcohol with a 
compound of formula 3 under Mitsunobu reaction conditions 
provides a compound of formula 10 where Ar, R. R. R. R. 
R. L., Ar, and Z are as defined above. Removal of the amino 
protecting group can be effected using strong acid (TFA or 
HCL in the case of a Boc group, hydrogenolysis in the case of 
Cbz, or fluoride anion to remove the SEM), to provide the 
amine of formula 1 1. Coupling of compound of formula 11 
with a compound of formula CNCHCOH such as 2-cy 
anoacetic acid or 2-trifluoromethylacetic acid, understandard 
amide coupling conditions such as carbon diimidazole (CDI) 
and the like oran acid derivative thereof provides a compound 
of formula 12. Subsequent condensation of a compound of 
formula 12 with aldehydes of formula RCHO where R is as 
defined above under standard condensation reaction condi 
tions such as using a base Such as piperidine and the like, in 
the presence or absence of acetic acid and the like in solvents 
Such as ethanol and the like at temperatures ranging from 
room temperature to reflux then provides a compound of 
Formula (IA), (I) or (I). Aldehydes of formula RCHO are 
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either commercially available or they can be prepared by 
methods know in the art. For example tert-butylaldehyde, 
isopropylaldehyde and cyclopropylaldehyde are commeri 
cally available. Compounds of Formula (IA), (I) or (I) where 
R—C(CH), NH, and —C(CH)NHCH can be prepared 
by reacting a compound of formula 12 with an aldehyde of 
formula BocNHC(CH),CHO and BocN(CH)C(CH), 
CHO respectively, followed by removal of the Boc group. 
Aldehydes of formula BocNHC(CH)2CHO can be prepared 
as shown below: 

-es OH HN X- DCM, rt 
Swern Ox. 
-e- O 

Been OH or Dess-Martin Been 2 
H H 

Treatment of 2-amino-2-methylpropan-1-ol with (Boc).O 
in the presence of organic amine provides the corresponding 
2-BocNH-2-methylpropan-1-ol which upon reaction with a 
suitable oxidizing agent provide the desired aldehyde of for 
mula 2-BocNH-2-methylpropanaldehyde. 

Aldehydes of formula BocN(CH)C(CH),CHO can be 
prepared as shown below: 

(Boc)2O, TEA 

(Boc)2O, NaOH 
OH -- 

HN H2O, rt 

O 

Boc- OH CHI, NaH 
N DMF 
H 

O 

LiBH Swern Ox. 
Boca O - I - - -- N N or Dess-Martin 

O 

Boc 
n N 

Treatment of 2-amino-2-methylpropanoic with (Boc)O in 
the presence of organic amine provides the corresponding 
2-BocNH-2-methylpropanoic which upon reaction with an 
alkylating agent Such as methyl iodide in the presence of 
sodium hydride provide 2-BocN(CH)-2-methylpropanoic 
ester. Reduction of the ester group in BocN(CH)-2-methyl 
propanoic ester with a suitable reducing agent provides the 
corresponding alcohol which is then covered to the desired 
aldehyde as described previously. 

It will recognized by a person of ordinary skill in the art that 
the EWG moiety can be assembled at multiple points 
throughout the synthetic scheme and standard protecting 
group (PG) strategies can be employed as required. 
Compounds of Formula (IA), (I) or (I) where Z and Zare 

nitrogen and Z is carbon, Ar. R', R. R. R. R. and L, Arare 
as defined above and R is hydrogen, alkyl, hydroxy, alkoxy, 
halo, haloalkyl, or haloalkoxy can be prepared as illustrated 
and described in Scheme B below. 
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in the synthetic scheme. Standard protecting group (PG) strat 
Scheme B egies employed by those skilled in the art can be employed as 

NH2 NH2 required. 
5 Method (b): 

N21 N2 Ripon, N1 N2 
-e- -- 

ls -N / O ls -N / NH2 
N RB(OR)2 N O 

B 14 RI 
r 10 N1 N2 

13 15 -- A 

R6 N-N / N 
R7 N PG 

Br 

R5 15 R1 precursor 
L 13 23 

I 
NH2 -R3 

Br le 

2O 
N1 N2\ (Ro: 

17 ls --/ N1 
RI 

16 25 

Cross coupling (Suzuki) of a compound of formula 13 
(available commercially) with an appropriately substituted 
boronic acid or boronate esters of formula 13 (as described in 
Scheme A) provides a compound of formula 15 where R' is as 
defined above. Halogenation of compound 15 with a suitable 
halogenating agent such as N-bromosuccinamide, bromine, 
and the like, in an organic solvent (such as DMF, dichlo 
romethane, tetrahydrofuran, toluene, acetic acid, water and 
the like) attemperatures ranging from -78°C. to reflux tem 
perature provides a compound of formula 16. Compound 16 
is then coupled with a compound of formula 17 under Suzuki 
coupling reaction conditions to provide a compound of For- ss 
mula (IA), (I) or (I) where Ar, R. R. R. R. R. R. L., and 
Arare as defined above. 

It will be recognized by a person skilled in the art that 
precursors to R' can be substituted at any step in Scheme 2 
above where R' exists and converted to R' at alternate stages 60 
in the synthetic process based on feasibility of the transfor 
mations. Some such transformations are described below: 

Substitution of precursors to R' in the synthesis of com 
pounds of Formula (IA), (I) or (I) when R' is —Z-(EWG)-C 
(CN)—CHR where Z is a bond and EWG is N-heterocy- 65 
cloaminocarbonyl is illustrated and described in method (b) 
below. The EWG moiety can be assembled at multiple points 

45 

50 
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R6 

(I) 

Treatment of compound 13 with trimethylsilyl chloride in 
Solvents such as tetrahydrofuran (THF) attemperatures rang 
ing from 0° C. to room temperature prior to treatment by a 
Grignard reaction (for example by treatment with isopropyl 
magnesium chloride in THF attemperatures ranging from 0° 
C. to room temperature) and subsequent addition of R" pre 
cursor compound of formula 23 bearing a ketone moiety 
where PG is a suitable protecting group Such as tert-butoxy 
carbonyl (Boc), benzyl (Bn) or 2-trimethylsilyl-ethoxym 
ethyl (SEM)), provides a compound of formula 24 which is 
converted to a compound of formula 25 under dehydration 
reaction conditions e.g., treatment of compound 24 with acids 
Such as trifluoroacetic anhydride or trifluoroacetic acid, and 
the like, in solvents such as pyridine, toluene, methanol, and 
the like and temperatures ranging from -20° C. to reflux. 
Reduction of the double bond in the compound of formula 25 
with a suitable hydrogenation reaction conditions e.g., with 
platinum oxide or palladium hydroxide or palladium on car 
bon in alcoholic solvents such as methanol or ethanol, and the 
like in the presence or absence of acetic acid and under a 
hydrogen atmosphere provides a compound of formula 26. 

Halogenation of a compound of formula 26 with a suitable 
halogenating agent as described in Scheme Babove provides 
a compound of formula 27 which can then be converted to a 
compound of Formula (IA), (I) or (I) as described in method 
a above. 
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Compounds of Formula (IA), (I) or (I) where Z" and Z are 

nitrogen and Z is carbon and R,R,R,R,R,R,L, and Ar 
are as defined above can be prepared as illustrated and 
described in Scheme C below. 

Scheme C 
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Reaction of a hydrazine compound of formula 1 where R' 
is as defined above with ethoxymethylene malonitrile in a 
Suitable organic solvent such as ethanol and the like and at 
temperatures from 0° C. to reflux provide a compound of 
formula 30. Compound of formula 1 that are either commer 
cially available or readily synthesized by methods that are 
well known in the art. 

Treatment of compound 30 with formamide or formami 
dine in the absence of Solvent or in solvents such as ethanol 
and the like attemperatures from room temperature to 200° C. 
provides a compound of formula 31. Halogenation of 31 
under halogenating conditions described above provides the 
compound of formula 32 which can then be converted to a 
compound of Formula (IA), (I) or (I) as described in Scheme 
A above. 

It will be recognized by a person skilled in the art that 
precursors to group R' can be substituted at any step in 
Scheme Cabove where R' exists and then converted to R' at 
alternate stages in the synthetic process based on feasibility of 
the transformations. Some such transformations are 
described below: 

Substitution of precursors to R' in the synthesis of com 
pounds of Formula (IA), (I) or (I) when R is —Z-(EWG)-C 
(CN)—CHR where Z is a bond and EWG is N-carbonylhet 
erocycloamino is illustrated and described in method (c) 
below. The EWG moiety can be assembled at multiple points 
in the synthetic scheme. Standard protecting group (PG) strat 
egies employed by those skilled in the art can be employed as 
required. 
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Method (c): 
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25 

Substituting compound of formula 33 where Z is a bond or 
alkylene and where PG is a suitable nitrogen protecting group 
such as tert-butoxycarbonyl (Boc), benzyl (Bn) or 2-trimeth 
ylsilyl-ethoxymethyl (SEM)) with a compound of formula 44 
followed by steps 2-5 in Method (g) above provides a com 
pound of formula 46. Removal of the amine protecting group 
under standard conditions such as HCl in ethyl acetate or 
trifluoroacetic acid in dichloromethane at 0°C. to reflux for 
BOC and catalytic hydrogenation in ethyl alcohol for CBZ. 
provides a compound 46a that can then be converted to a 
compound of Formula (IA), (I) or (I) by methods previously 
described in Methoda. 

30 

35 

40 

Compounds of Formula (IA), (I) or (I) where Z is nitrogen 
and Z and Zare carbon and R', R,R,R,R,R,L, and Ar 
are as defined above can be prepared as illustrated and 

45 described in Scheme D below. 

50 
Scheme D 
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Alkylation of a compound of the formula R'NH, where R' 
is as defined above with a compound of formula 47 under 
standard alkylation reaction conditions (e.g., reacting in the 
presence of a base such as Sodium hydride or potassium 
tert-butoxide, potassium carbonate, and the like, and a cata 
lyst such as 18-crown-6 in a suitable solvent such as N-me 
thylpyrolidone, dimethylformamide, tetrahydrofuran, tolu 
ene and the like) provides a compound of formula 48. 
Reaction of compound 48 with malonitrile and a base such as 
potassium hydroxide, sodium hydroxide, and the like in a 
suitable solvent such as methanol or ethanol and the like at 
temperatures from 0°C. to reflux provides a compound of 
formula 49 which is then converted to a compound of For 
mula (IA), (I) or (I) as described in Scheme C above. 
As discussed previously, it will be recognized by a person 

skilled in the art that precursors to group R' can be substituted 
at any step in Scheme D above where R' exists and then 
converted to R' at alternate stages in the synthetic process 
based on feasibility of the transformations. For example, an 
amine of formula 

PG 

can be used instead of R'NH in Scheme D above to give a 
compound of 
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R6 

' ) R7 
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RNT \N, 5 
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le 
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N 

() N 
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respectively, which is then converted to a compound of For 
mula (IA), (I) or (I) where R' is -(heterocycloamino)-C(CN) 
—CHR following the procedures described above. 

Substitution of precursors to R' in the synthesis of com 
pounds of Formula (IA), (I) or (I) when R' is —Z-(EWG)-C 
(CN)—CHR where Z is heteroalkylene or aryland EWG is 
—NR'CO— is illustrated and described in Scheme E below. 

Scheme E 
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Treatment of a R" precursor containing hydrazines of for 
mula 50 where Z is heteroalkylene or aryl and EWG is 
- NRCO - and R-R7, L and Ar defined above with 
ethoxymethylene malonitrile as described in Scheme C pro 
vides a compound of formula 51 which is converted to a 
compound of formula 53 as described in Scheme C. Coupling 
of a bromo compound of formula 53 with a boronic acid 
compound or boronate esters thereof of formula 17 under 
Suzuki coupling reaction conditions as described in Scheme 
A provides a compound of formula 54. Reduction of nitro 
substituent of compound 54 may be accomplished by treat 
ment with a reducing agent such as Zinc powder and the like 
in a suitable solvent such as acetic acid and the like, or by 
catalytic hydrogenation to provide a compound of formula 
55. Coupling of compounds of formula 55 with a compound 
of formula CNCHCO2H such as 2-cyanoacetic acid or 2-tri 
fluoromethylacetic acid, understandard amide coupling con 
ditions such as carbon diimidazole (CDI) and the like or an 
acid derivative thereof provides a compound of formula 56. 
Subsequent condensation of a compound of formula 56 with 
aldehydes of formula RCHO where R is as defined above 
e.g., t-butyl or cyclopropyl aldehyde, understandard conden 
sation reaction conditions such as using a base such as pip 
eridine and the like, in the presence or absence of acetic acid 
and the like in solvents such as ethanol and the like at tem 
peratures ranging from room temperature to reflux then pro 
vides a compound of Formula (IA), (I) or (I). It will recog 
nized by a person of ordinary skill in the art that the EWG' 
moiety can be assembled at multiple points throughout the 
synthetic scheme and standard protecting group (PG) strate 
gies can be employed as required. 

Utility 

The compounds of Formula (IA), (I) or (I) are tyrosine 
kinase inhibitors, in particular BTK and hence are useful in 
the treatment of autoimmune disease, e.g., inflammatory 
bowel disease, arthritis, lupus, rheumatoid arthritis, psoriatic 
arthritis, osteoarthritis, Still's disease, juvenile arthritis, dia 
betes, myasthenia gravis, Hashimoto's thyroiditis, Ord’s thy 
roiditis, Graves disease, Sjogren's syndrome, multiple scle 
rosis, Guillain-Barre Syndrome, acute disseminated 
encephalomyelitis, Addison's disease, opSoclonus-myoclo 
nus syndrome, ankylosing spondylitisis, antiphospholipid 
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antibody syndrome, aplastic anemia, autoimmune hepatitis, 
coeliac disease, Goodpasture's syndrome, idiopathic throm 
bocytopenic purpura, optic neuritis, Scleroderma, primary 
biliary cirrhosis, Reiter's syndrome, Takayasu’s arteritis, 
temporal arteritis, warm autoimmune hemolytic anemia, 
Wegener's granulomatosis, psoriasis, alopecia universalis, 
Behcet’s disease, chronic fatigue, dysautonomia, 
endometriosis, interstitial cystitis, neuromyotonia, Sclero 
derma, or Vulvodynia. 
The compounds of Formula (IA), (I) or (I) are also useful 

in the treatment of In another embodiment of this aspect, the 
patient in need is suffering from a heteroimmune condition or 
disease, e.g., graft versus host disease, transplantation, trans 
fusion, anaphylaxis, allergy, type I hyperSensitivity, allergic 
conjunctivitis, allergic rhinitis, or atopic dermatitis. 

In another embodiment of this aspect, the patient in need is 
Suffering from an inflammatory disease, e.g., asthma, appen 
dicitis, blepharitis, bronchiolitis, bronchitis, bursitis, cervici 
tis, cholangitis, cholecystitis, colitis, conjunctivitis, cystitis, 
dacryoadenitis, dermatitis, dermatomyositis, encephalitis, 
endocarditis, endometritis, enteritis, enterocolitis, epi 
condylitis, epididymitis, fasciitis, fibrositis, gastritis, gastro 
enteritis, hepatitis, hidradenitis Suppurativa, laryngitis, mas 
titis, meningitis, myelitis myocarditis, myositis, nephritis, 
oophoritis, orchitis, osteitis, otitis, pancreatitis, parotitis, 
pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, 
pneumonitis, pneumonia, proctitis, prostatitis, pyelonephri 
tis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, ten 
donitis, tonsillitis, uveitis, vaginitis, vasculitis, or Vulvitis. 

In another embodiment of this aspect, the patient is suffer 
ing from inflammatory skin disease which includes, by way 
of example, dermatitis, contact dermatitis, eczema, urticaria, 
rosacea, and Scarring psoriatic lesions in the skin, joints, or 
other tissues or organs. 

In yet another embodiment of this aspect, the subject in 
need is suffering from a cancer. In one embodiment, the 
cancer is a B-cell proliferative disorder, e.g., diffuse large B 
cell lymphoma, follicular lymphoma, chronic lymphocytic 
lymphoma, chronic lymphocytic leukemia, B-cell prolym 
phocytic leukemia, lymphoplanascytic lymphoma?Walden 
strom macroglobulinemia, splenic marginal Zone lymphoma, 
plasma cell myeloma, plasmacytoma, extranodal marginal 
Zone B cell lymphoma, nodal marginal Zone B cell lym 
phoma, mantle cell lymphoma, mediastinal (thymic) large B 
cell lymphoma, intravascular large B cell lymphoma, primary 
effusion lymphoma, burkitt lymphoma? leukemia, or lym 
phomatoid granulomatosis. In some embodiments, the com 
pound of Formula (IA), (I) or (I) is administered in combi 
nation with another an anti-cancer agent e.g., the anti-cancer 
agent is an inhibitor of mitogen-activated protein kinase sig 
naling, e.g., U0126, PD98059, PD184352, PD0325901, 
ARRY-142886, SB239063, SP600 125, BAY 43-9006, wort 
mannin, or LY294.002. 

In yet another embodiment, the patient in need is suffering 
from a thromboembolic disorder, e.g., myocardial infarct, 
angina pectoris, reocclusion after angioplasty, restenosis after 
angioplasty, reocclusion after aortocoronary bypass, resteno 
sis after aortocoronary bypass, stroke, transitory ischemia, a 
peripheral arterial occlusive disorder, pulmonary embolism, 
or deep venous thrombosis. 

In a fourth aspect, the disclosure is directed to use of 
compound of Formula (IA), (I) or (I) (and any embodiments 
thereof described herein) for use as a medicament. In one 
embodiment, the use of compound of Formula (IA), (I) or (I) 
is for treating inflammatory disease or proliferative diseases. 

In a fifth aspect is the use of a compound of Formula (IA), 
(I) or (I) in the manufacture of a medicament for treating an 
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inflammatory disease inapatient in which the activity of BTK 
or other tyrosine kinases contributes to the pathology and/or 
symptoms of the disease. In one embodiment of this aspect, 
the tyrosine kinase protein is BTK. In another embodiment of 
this aspect, the inflammatory disease is respiratory, cardio 
vascular, or proliferative diseases. 

In any of the aforementioned aspects involving the treat 
ment of proliferative disorders, including cancer, are further 
embodiments comprising administering the compound of 
Formula (IA), (I) or (I) in combination with at least one 
additional agent selected from the group consisting of alem 
tuZumab, arsenic trioxide, asparaginase (pegylated or non-), 
bevacizumab, cetuximab, platinum-based compounds Such 
as cisplatin, cladribine, daunorubicin/doxorubicin/idarubi 
cin, irinotecan, fludarabine, 5-fluorouracil, gemtuzamab, 
methotrexate, paclitaxel, TaxolTM, temozolomide, thiogua 
nine, or classes of drugs including hormones (an antiestrogen, 
an antiandrogen, or gonadotropin releasing hormone ana 
logues, interferons such as alpha interferon, nitrogen mus 
tards such as buSulfan or melphalan or mechlorethamine, 
retinoids such as tretinoin, topoisomerase inhibitors such as 
irinotecan or topotecan, tyrosine kinase inhibitors such as 
gefinitinib or imatinib, or agents to treat signs or symptoms 
induced by Such therapy including allopurinol, filgrastim, 
granisetron/ondansetron/palonosetron, dronabinol. When 
combination therapy is used, the agents can be administered 
simultaneously or sequentially. 

Testing 

The kinase inhibitory activity of the compounds of the 
present disclosure can be tested using the in vitro and in vivo 
assays described in Biological Examples 1-6 below. The abil 
ity of the compound of the disclosure to form reversible 
covalent bond with a cysteine residue of a kinase, preferably 
Cys481 of BTK (UniprotKB Sequence ID Q06187), can be 
determined by the assays described in Examples 8-11 below. 

Administration and Pharmaceutical Composition 

In general, the compounds of this disclosure will be admin 
istered in a therapeutically effective amount by any of the 
accepted modes of administration for agents that serve simi 
lar utilities. Therapeutically effective amounts of compounds 
of Formula (IA), (I) or (I) may range from about 0.01 to about 
500 mg per kg patient body weight per day, which can be 
administered in single or multiple doses. Preferably, the dos 
age level will be about 0.1 to about 250 mg/kg per day; more 
preferably about 0.5 to about 100 mg/kg per day. A suitable 
dosage level may be about 0.01 to about 250 mg/kg per day, 
about 0.05 to about 100 mg/kg per day, or about 0.1 to about 
50 mg/kg per day. Within this range the dosage can be about 
0.05 to about 0.5, about 0.5 to about 5 or about 5 to about 50 
mg/kg per day. For oral administration, the compositions are 
preferably provided in the form of tablets containing about 
1.0 to about 1000 milligrams of the active ingredient, particu 
larly about 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200,250, 
300, 400, 500, 600, 750, 800,900, and 1000 milligrams of the 
active ingredient. The actual amount of the compound of this 
disclosure, i.e., the active ingredient, will depend upon 
numerous factors such as the severity of the disease to be 
treated, the age and relative health of the subject, the potency 
of the compound being utilized, the route and form of admin 
istration, and other factors. 

In general, compounds of this disclosure will be adminis 
tered as pharmaceutical compositions by any one of the fol 
lowing routes: oral, systemic (e.g., transdermal, intranasal or 
































































































